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meter 

e@ MIDI keyboard 

e Speed control 
for CD player 


Front cover 

This month, we present 
a build-it-yourself 
range finder suitable 
for measuring dis- 
tances between 25cm 
and 6 metres. It is 
based on the 
measurement of the 
time taken by a sound 
wave to cover a cer- 
tain distance. 


We regret that 
owing to cir- 
cumstances 
beyond our control 
the special feature 
POWER SUPPLIES 
has had to be 
postponed to a 
later date (well 
into 1989). Our 
apologies to those 
readers who have 
kindly sent con- 
tributions for this 
feature. 


To meet rising 
costs of labour, 
printing, and 
materials, it has, 
unfortunately, 
been found 
necessary to raise 
the cover price as 
from this issue. 
Subscription prices 
have been in- 
creased accord- 


ingly. 
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TECHNOLOGY AND 
EDUCATION 


This year sees the introduction of the first great reform of Britain’s primary and 
secondary educational system since the Education Act 1944, with the possible 
exception of the introduction of comprehensive education in the 1960s, and 
the proposed restructuring of the higher education system. The first is long 
overdue and the second should not be accepted without fundamental 
changes. 


It is during their primary school years that so many children are put off math- 
ematics through their growing dislike of arithmetic. This dislike, even fear, of 
mathematics and, therefore, the serious study of science, is often intensified 
during their secondary education. What engenders this distaste is not clear. In 
a number of cases it is undoubtedly bad teaching. But there are other factors 
as well. One of these must be the inborn British concept of a scientist as an 
‘eccentric academician’ and the classification of an engineer or technologist 
as one of the lower classes. To many people in Britain, the idea that 
engineers and technologists are members of the ‘professions’ is absurd. 


It is this sort of attitude that will not be changed easily, but the government 
reforms of the system should eventually provide a broader education for 
everyone—as long as the subjects studied include at least two science sub- 
jects and two or three arts subjects. It is surely wrong in this day and age that 
so many scientists and technologists have not studied any arts subject, includ- 
ing English, since their O-level studies (if then!). It is equally wrong for many 
‘professional’ people to be so ignorant of even simple concepts of science. It 
is, moreover, sad for all those people never to have experienced the beauty 
and exhiliration of studying ‘those other subjects: The study of Maxwell 
equations or the Theory of Distribution can be just as exciting and fascinating 
as that of Othello, the reign of Charlemagne, or Chomsky’s Theory of 
Linguistics, but a lot depends on the teacher! 


The Engineering Council's proposals for the restructuring of (engineering) 
higher education are made in the light of government grants to universities 
and polytechnics, as well as of the shortage of teachers in science subjects 
and that of engineers and technologists in the industry. But, as the IEE earlier 
this year pointed out, their seeking the amalgamation of university and 
polytechnic departments seems an odd way of improving the situation. 


There is no doubt that the Engineering Council is right in saying that this 
country needs a successful engineering industry in order to enjoy a healthy 
economy, and that we need more qualified engineers to maintain, or en- 
hance, that state of the industry. But it is wrong in accepting that these goals 
can be attained under the present financial restraints. 


And that brings us to another cause of the shortage of science teachers, at 
all levels, and engineers: remuneration. In view of the higher level of salaries 
offered in most of the ‘professions, particularly accountancy and banking, 
there are many science and engineering graduates who are (or have been) 
drawn into these fields for sheer economic reasons. 


Over the years, this movement has filtered back to schools, so that the number 
of students taking mathematics and physics at A level has fallen sharply com- 
pared with most other subjects. This downward trend is further reflected in the 
steady decline of the number of students reading engineering and tech- 
nology at universities and polytechnics. 


It is surely irrational that the salaries of teachers in secondary and higher 
education are not related to their skills and market demands: such a situation 
could not exist for long in industry or commerce, It can not be emphasized 
too strongly that the future of this country depends on the success or failure of 
its manufacturing industry. That industry in turn depends on the country's 
ability to provide the engineers of the future with a good education and train- 
ing and the prospect of a salary that compares favourably with that of his 
contemporaries in the ‘professions: 


14 
October 1988 


CENTRONICS INTERFACE FOR 
SLIDE FADER 


The slide fader published earlier this year was originally designed 
for use with MSX computers. To further boost the interest in this 
versatile and simple-to-build circuit, an interface was developed 
that allows the fader to be driven from a standard Centronics 
port, which is available on practically any type of home 

computer. 


The slide fader discussed in Ref. '" is a 
computer peripheral that makes it poss- 
ible to control up to four slide projectors 
independently. Slide carriage control 
(forward/reverse) and lamp intensity (in 
64 steps) are programmable on the com- 
puter. To keep the operation of the cir- 
cuit as simple as possible, one 8-bit out- 
put port is, in principle, required for 
each projector. The interface circuit de- 
scribed here effectively extends the num- 
ber of ports from one to four. One Cen- 
tronics port can drive up to four inter- 
faces of the type described here, so that 
the computer can program up to 16 in- 
dividual slide projectors. 


The Centronics port: universal 
and flexible 


The Centronics parallel printer port is an 
input/output connection composed of 8 
data lines, two ground connections, 3 
handshake lines and a number of other 
lines for printer control. Virtually any 
modern (home-) computer is equipped 
with a Centronics outlet, whose pinning 
and handshake protocols have gained 
worldwide acceptance. On IBM PCs and 
compatibles, the Centronics port is 
usually identified as LPTI:. 


The timing diagrams of Fig. 1 show two 
handshaking arrangements on the Cen- 
tronics — port. In the — so-called 
STROBE/ACK (‘normal’) protocol, the 
peripheral device activates ACK 
(acknowledge) after reception of the ris- 
ing edge of the STROBE signal supplied 
by the computer. This is not allowed to 
send new data to any peripheral connec- 
ted to the port, before it has received the 
ACK pulse. When the peripheral has 
processed the data, it indicates readiness 
to accept new data by making ACK logic 
low. Some computers work with the 
STROBE/ACK protocol, some with the 
slightly more complex 
STROBE/ACK/BUSY protocol, while 


Now all computers sporting a Centronics outlet can be connected to the powerful slide fader 
published earlier this year. 


still others can handle both. The inter- 
face circuit described here has been de- 
signed to support both handshaking 
protocols. 


Port expansion: from one to 
four 


Briefly recapitulating the operation of 
ihe slide fader, the 8-bit dataword it 
receives from the computer is composed 
of three functional blocks: 

e databits DO to D5 to determine the 
lamp intensity in 64 (2°) steps; 

e@ databit 6 to control the loading of the 
slides, and the reverse movement of the 
carriage; 

e databit 7 for the same function, but 
in forward direction. 


D6 and D7 are never logic one at the 
same time. This combination, however, 
makes it possible to design a circuit that 
distinguishes between a projector 
dataword and a projector selection word. 
With D6 and D7 both logic high in the 
8-bit dataword sent to the slide fader, 6 
bits remain to select up to 16 projectors. 
Figure 2 shows that databits D2 through 
DS in the projector selection word are 
used for selecting projector 1, 2, 3 or 4. 
Note that these are off when the associ- 
ated bit is logic high. When more than 
one projector is selected at a time, all of 
these receive the same dataword. The 
two remaining bits, DO and D1, are used 
for selecting one of four projector 
blocks. 


Circuit description 


With reference to the circuit diagram in 
Fig. 3, [Ca, 1Cs, [Cs and 1C: form the 8- 
bit output ports that control one slide 
projector each. The interface is connee- 
ted to the Centronics outlet of the com- 
puter via connector Ki, R-C low-pass 
networks at the inputs of data buffer 
IC; suppress interference on the 
datalines, IC; is permanently selected 
because its enable inputs, G2 and Gl, are 
hard-wired to ground. Bistable FFi is 
set by the STROBE pulse, so that BUSY 
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standard 


PARALLEL DATA 
—e 1,0 pseK 1,0 jsek-<t—§ 


"(min} (minj 


DATA STROBE 


1,0 usek, (min) 


a 


ACKNOWLEDGE 


BUSY/ACK 


{min} |+—| (min) 


500 wsek, (max) 


ACK DELAY 


PARALLEL DATA 
—o 1,0 ysek 1,0 psek @ — 


—»| ACK nh 


DATA STROBE 1,0 usek (min) 
. 500 psek. (max) 
; ACK DELAY 
; — < 
BUSY 
—| BUSY DELAY BUSY “i | 
ACKNOWLEDGE 


ACK = 


BBO111-11 


Fig. 1. Basic timing of the two handshaking arrangements commonly used on the Centronics 


port. 


.is activated via output Q. Output Q 


goes low and discharges Ci via R2. 
After_a predefined period, the level at in- 
put CLEAR is sufficiently low for the 
bistable to be reset. Output Q toggles 
and de-activates BUSY, while Ci is 
charged again by the logic high level pro- 
vided by output Q. The rising edge of Q 
triggers a second bistable, FF2, whose 
operation is similar to that of FFi. The 
short, negative-going, pulse at the Q 
output forms the ACK signal for the 
computer. The fixed handshake timing 
used here is fairly crude, but this is of 
little consequence in practice, since the 
speed of the circuit allows it to latch data 
on the negative edge of the STROBE 
signal. This is in contrast to a printer, 
which often needs considerably more 
time to transfer the information on to 
paper. 


-——— 
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| 0 = PROJECTOR SELECTED 

| 1=PROJECTOR NOT SELECTED 
' 
4 
1 


AO 


00 =block 1 
1 01=block2 
11 =block 3 
i 10 = block 4 
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Fig. 2. Bit assignment in the projector selection word (D6=D7=1). One byte allows selecting 


4 of 16 slide projectors. 


Connector K: allows up to four inter- 
face circuits to be chained, so that up to 
16 projectors can be controlled. Compo- 
nents [C2, R2, Ra, Ci and C2 are only re- 
quired on the first interface in the chain, 
i.e., the one connected to the computer’s 
Centronics port. Ko carries 8 buffered 
databits, XO and X1, ground, and the 
STROBE pulse. 


The PAL (programmable array logic) in 
position IC: combines the functions of 
a number of digital integrated circuits, 
and thus keeps the chip-count of the cir- 
cuit. relatively low. This, in turn, 
economizes on board space. Figure 4 
shows the internal configuration, after 
programming, of PAL Type 16R4 (this is 
available ready-programmed through the 
Readers Services). The chip combines 
databits DO through D7 with the 
STROBE pulse to generate the clock 
signals for latches [Cs, [Cs, ICs and IC, 
and also separates projector datawords 
from projector selection words. This is 
done by gates N: through Ni in the 
PAL. Databits D6 and D7 are applied to 
pins X6 and X7. As already discussed, 
the difference between a dataword and a 
selection word is that in the latter D6 
and D7 are both logic high. If this is so 
when STROBE goes low, the output of 
Nw will remain logic high. It does not 
go low until D6 and D7 are simul- 
taneously logic low, or of complemen- 
tary logic level. 

The output of Nia controls three-state 
buffers internal to the 16R4. During the 
transmission of a projector selection 
word, buffer N: is enabled, so that the 


12. A016 


FF1, FF2 =1C2 = 74HCT74 


1c2 


1C3...1C7 


880111 -10 


Fig. 3. Circuit diagram of the interface that makes it possible to drive the slide fader from any computer equipped with a Centronics outlet, 
A ready-programmed PAL, IC, keeps the chip-count as low as possible. 


output of Nii is logic low. Output buf- 
fers Niz through Nis then block the out- 
put signals of the four bistables, so that 
the clock inputs of the registers in the in- 
terface circuit are held logic low by pull- 
down resistors Rs through Rz. The four 
bistables, however, load the data applied 
to the D input. Since both the output of 
Ni and inputs X1-X2 of the selected in- 
terface board are logic low, the values of 
variables X2, X3, X4 and X5 determine 
the projector selection, 

XO and XI are the two bits that select 
one of four interfaces. For the first 
module, the combination is DO=0 and 
D1=0. To select a projector, the D-input 
of the relevant bistable in the PAL 
should go logic low, so that the Q output 
follows this level after a clock pulse. 
When the dataword is sent, the output of 
Nie goes logic high, and the output state 
of each of the 4 bistables is transferred 
to the clock input of the associated 
register on the interface board. A logic 
high level at an output Q causes a 
positive-going clock pulse (CLK) that 
enables the relevant register to latch data 
from the databus. Any dataword that 
follows immediately, eg., a carriage 
return (CR) code sent by the computer, 
simply does not reach the slide fader, 
The projector selection is erased during 
the writing of a dataword. Three-state 
buffer No is switched to high impedance 
via Nio, and its output is logic high due 
to pull-up resistor Ri. Data is read via 
the D inputs, and the Q outputs of the 
bistables follow the data level. This 
means that it is impossible for a second 
positive edge to appear on the CLK out- 
put of the Centronics interface when a 
second dataword is being sent. Any pro- 
jector dataword should, therefore, be 
preceded by a projector selection word. 
It is not possible to send two successive 
datawords, 


To select a Centronics interface card, 
both XO and XI should be logic low. 
Selective addressing of one-of-four in- 
terfaces is achieved by swapping and in- 
verting XO and XI on each module as 
shown in Fig. 5. The selection codes for 


module 4 : 


es ra 
O i 4 
ie) : 0 
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Fig. 4. Internal configuration of the programmed PAL Type 16R4 for the interface circuit, 
The PAL combines the functions of at least half a dozen discrete integrated circuits. 


cards 1, 2, 3 and 4 are 00, 01, 11 and 10 
respectively, 

Finally, constructors in possession of a 
PAL programmer will find the data for 
loading the 16R4 in Fig. 6. 


Construction 


Figure 7 shows the compact printed cir- 
cuit board designed for the Centronics- 
to-slide fader interface. Start the con- 
struction with fitting the wire links. 
Connect the two points marked A with 
an insulated wire, and do the same with 
the two points marked B. The jumper 
block below IC: is best made from a 6- 
way straight PCB header and two 
jumpers. On module 1, install the two 
jumpers in positions X, on the other 
modules in positions Y. Ki and K2 are 
14-way, male, angled, headers with eject 
handles, secured on to the PCB with the 


module 4 


1X1 x1 
ett ce) 
4 14 

880111-14 


Fig. 5. Up to four Centronics interface cards can be addressed individually by connecting 
them in series, and swapping and inverting the X0-X1 selection lines. 


aid of short M2 bolts and nuts. K; is a 
similar header with 50 pins. It may be 
omitted when the Centronics interface 
card is fitted on to the slide fader card 
— in that case, connect the two cards 
with a short length of 50-way flatcable 


DEVICE 16R4 


LATCHIN il 
AQ 2 
Ai 3 
Aa 4 
AS 5 
Ad 6 
AS 7 
AG 8 
A? 4 
GND i 
fCEIN 1 
fOEOUT L 
/PSTB g 
CLK4 
CLK3 
CLK2 
CLKi 
NEXTAG 
LATCROUT 


VCC 


MACRO FO 
MACRO F1 
MACRG F2 


PSTB* /A6*/A7; 
PSTB*A6+/AT: 
PSTB* /RG*A7: 


START 


fOEQUT 
CLK4 

CLK3 

CLK2 

CLKL 
NEXTAO 
LATCHOUT 
LATCHOUT. 


/=6FO+GF1 +662: 
{:=AS+A0+A1+OEOUT; 
/1=A4+A0+A1+OROUT,: 
f23A3+A0+A1+0EQUT: 
#:2A2+K0+AR1+O0E0UT; 
/=A0; 

/7/PSTB+ /AG+/A7+A0+Al ; 

= /OEOUT; 


ENA 


880111 15 


END 


Fig. 6. Programming information for PAL 
16R4, This chip is available ready- 
programmed through the Readers Services. 
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Fig. 7. Compact single-sided printed circuit board for the interface card. 


PARTS LIST 


Resistors (+ 5%); 

Ri =10K 

R2...R7 incl. = 1KO 
Ra... .R15 incl. = 100R 


Capacitors: 

C1:C2= ind 

C3...C10 incl. = 390p 
C11 =330n 

Ciz.,.€15 incl. = 100n 


= 


soldered direct to the PCB connections. 
The Centronics interface is conveniently 
powered from a mains adaptor capable 
of supplying 8 to 10 VDC at about 
250 mA, 


Software: the finishing touch 
Programming the slide fader via the 
Centronics interface described here re- 
quires sending two successive characters 
— first the projector selection word, 
then the projector dataword. The 
LPRINT command available in BASIC 
is eminently suited to controlling the 
slide interface, because it provides a 
direct route to the Centronics port. 


Semiconductors: 

{C1 =16R4 {available ready-programmed 
through the Readers Services as order number 
ESS 562). 

iC2=74HCT74 

IC3=74HCT541 

\Ca, . .1C7 incl, = 74HCT574 

ICe = 7805 


Miscellaneous: 

$1;52= jumper. 

6-way (2 3-pin) straight PCB header to form 
jumper block. 

Ki;K2= 14-way angled PCB header (male; with 
eject handles; raster 0.1 in.; 2 rows}. 


As an example of how software can be 
developed, assume that the lamp in pro- 
jector 2 is to light at full intensity. No 
other functions are required. First, send 
1111 01002 (2440; F4ir) as the projector 
selection word, then OO11] 1111 (630; 
3Fu) as the projector dataword. In 
BASIC, this corresponds to 

LPRINT CHR$(244);CHRS§(63). 

This instruction causes the lamp in pro- 
jector 2 to light at full intensity. 


To obtain the correct character-siring 
codes for a given projector number, P, 
and block number, B, use the equation: 


K3= 50-way angled PCB header (male; with 


Enclosure: e.g. Heddic 222. Available from 


PCB Type 880111 (see Readers Services page). 


eject handles; raster 0.1 in.; 2 rows), 


Chartland Electronics Limited e Chartland 
House @ Twinoaks « COBHAM KT11 2QW. 
Tel.: 037 284 2553). 


Note: Some constructors of the slide fader have 


found the Type TCA280A lamp dimmer circuit 
difficult to obtain. The chip is available, how- 
ever, from C-l Electronics # P.O Box 22089 
e 6360 AB Nuth @ The Netherlands (see 
advert on p, 69 in July/August 1988 issue}, 


LPRINT 
CHRS(252— 4*2" + B);CHR§<data) 


A more universally applicable instruc- 
tion in GWBASIC is shown in line 210 of 
the demo program listed in Fig. 8. Some 
versions of BASIC have a built-in output 
filter that translates CHR$(9), the 
tabulation (TAB) character, into a series 
of spaces (ASCII code 32p). This filter 
should be turned off with an appropriate 
instruction. A semicolon (;) should be 
used to delimit printable characters. 

Depending on the speed of the PC runn- 
ing the demo program of Fig. 8, and the 
type of slide projector used, it may be 
necessary to assign different start values 
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Prototype of the Centronics interface secured on top of the slide fader board. 
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IC, so that it can run on all IBM PCs and com- 


hs 


yniactical changes may be required. Read the text on the start values of variables S, F, R and T. 


for the Centronics interface has been written in GWBA 


ion program 
patibles. For other computers, some s 
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COMPONENT NEWS 


OMNI ELECTRONICS CATA- 
LOGUE 


The latest catalogue from Omni Elec- 
tronics, available free of charge on re- 
quest, lists a mass of electronic materials 
and components. Sensible indexing 
make it very easy to find any component 
listed in the 52 pages. 

Readers who can not make a personal 
call to the shop may obtain any goods by 
letter or by telephone (for credit card 
sales). 

Omni Electronics @ 174 Dalkeith Road 
e EDINBURGH EHI6 5DX e Tele- 
phone 031-667 2611. 


UNDERSTANDING TRANSISTORS 
This hardware/software package, for use 
with the BBC B or BBC B+, is aimed at 
GCSE, ITEC, BTEC Level II and similar 
study courses. 

The programme can be worked through 
superficially about 10 hours, or it can 
provide an open-ended deep study of 
about 40 hours. For those wishing to 
study further, many other investigations 
are possible. 

Details from Computer Aided Training 
e | Windergate e FRIZINGTON 
CA26 3QS e Telephone (0946) 810597. 


HIGHLAND CATALOGUE 
Highland Distribution’s new catalogue 
is their most comprehensive ever. Cover- 
ing 553 pages, it includes a wide range of 
electromechanical components; 200 
pages are dedicated to control products. 
' Data are presented in the form of 
diagrams, photographs, and descriptions 
of the major products. A comprehensive 
index is provided. 
Highland Electronics Ltd e@ Albert 
Drive e BURGESS RHI5 9TN e Tele- 
phone (04446) 45021, 


ep 


AMATEUR RADIO, DATA 
COMMS AND BARTG 


To help newcomers understand terms 
such as Packet, Amtor, Fax, and RTTY, 
the British Amateur Radio Teleprinter 
§) Group have produced a booklet that 
gives an introduction to these modes of 
operation. 
Copies of the booklet are available free 
of charge by sending a SAE to Mrs Pat 
Beedic, GW6MOJ e Ffynnonlas e 
Salem e LLANDEILO @ Dyfed SAI9 
INP. 


ENGINEERING REFERENCE 
GUIDE 


Datel has published a_ four-colour 
686991 mm two-sided wall chart that 


CY 


provides design engineers with reference 
information and application hints for 
precision data acquisition. 

For more information, contact Datel UK 
(Dave Barnfield) @ Intec 2 @ Wade 
Road e BASINGSTOKE RG24 ONE e 
Telephone (0256) 469085. 
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Rugged Technologies is 


Citizen LCD distributor 


Citizen Europe have appointed Rugged 
Technologies of Aldermaston as their 
second LCD distributor in the UK. Seen 
in the picture after the signing of the 
agreement are: back row left to right: 
Pierre Le Brun (Rugged’s Product Sales 
Engineer) and Wyn Griffiths (Rugged’s 
Sales Director); front row left to right: 
Russel Meyers (Citizen’s OEM Sales 
Executive), June Readdy (Rugged’s 
Sales Support Specialist), and Colin 
Saunders (Rugged’s Managing Direc- 
tor). 

Details from The Fitzroy Company e 32 
Fitzroy Square e LONDON WIP 5HH 
e Telephone 01-388 9871. 


Price reductions at West Hyde 


West Hyde has announced price reduc- 
tions across its whole range of products. 
Prices on the Teko range of cases from 
Italy (see picture) have been reduced by 
15%. 

Further information from West Hyde 
Developments Ltd @ 9-10 Park Street 
Industrial Estate e AYLESBURY HP20 
1ET e Telephone (0296) 20441. 


New mail order service 

ESS, the Southampton-based specialist 
electronics sales agent, has begun a new 
mail order service for the amateur and 
hobbyist electronics market. 

Offering a wide range of components, 
tools, and equipment detailed in an new 
catalogue available on request, ESS has 
no minimum order quantity and accepts 
all major credit cards for telephone and 
written orders. 

ESS Ltd e Harrison House @ Harrison 
Road @ Swaythling e SOUTHAMP- 
TON SO2 3TL e Telephone (0703) 
671166. 
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Low-noise surface-mount 
silicon bipolar transistors 


Two new silicon bipolar transistors 
housed in surface-mount packages have 
been introduced by Avantek, The AT- 
41486 typically has a noise figure of 
1.4 dB, an associated gain of 15 dB, and 
an S2 gain at | GHz of 17.5 dB, The 
other model, the AT-41411, has a noise 
figure of 1.4 dB, an associated gain of 
13 dB, and an S» gain at 1 GHz of 
16.5 dB. 

Details from Wave Devices e Laser 
House e 132-140 Goswell Road e 
LONDON ECIV 7LE e Telephone O1- 
251 5181. For Avantek distributors out- 
side the UK, see the January 1988 issue 
of EE, page 42. 


lQD and Axiom sign 
distribution agreement 
IQD, the specialist supplier and manu- 
facturer of quartz-crystal-based prod- 
ucts, and Axiom, a division of Arrow 
Electronics, have signed a distribution 
agreement under which Axiom will 
market a range of IQD’s products. In the 
picture, Sharon Meyer, Director of 
Marketing for Axiom, shakes hands on 
the new agreement with IQD’s Sales 
Manager, Steve Jarvis, while Greg 
Pigeon, Axiom Franchise Manager, and 
Katrina Harfield, IQD Sales Executive, 
look on. 

Axiom Electronics 
Road e@ Cressex Estate © 


Ltd e Turnpike 
High 


Wycombe HP12 3NR_ @_ Telephone 
(0494) 465465. 
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PERIPHERAL MODULES FOR 
BASIC COMPUTER 


from an idea by J. Haudry 


The 8052-based single-board process and control computer 


#? 


eee?" 


Peripheral modules for BASIC computer. 


Technical characteristics: 


@ Modular |/O system comprises one address decoder/interface, and one or more input and/or output 
modules. 

@ Parallel mounting of up.to eight digital I/O modules. 

@ Analogue output module*based'on 10-bit DAC supplies accurate voltage for control applications. 
Voltage span: 0 to 10.23-V, programmable in 10 mV steps. 

@ Use of one or more analogue output modules restricts the maximum number of modules controlled by 1 
address decoder/interface to 7: 

@ Maxirnum of 2 address decoder/interface boards enables control of up to 16 digital I/O modules, or 14 
analogue output modules. 

@ Power digital! outputs sink up to 500 mA at 50 V. Maximum total dissipation of output driver: 2.25 W 
(dissipation is 0,5 W, for exampie, when 300 mA is supplied), 


introduced in “ is a system designed with hardware 

expansion in mind. This article describes two modular 
input/output boards that are indispensable when the BASIC 

computer is to control digital or analogue peripherals. 


Just for those who do not know: the sys- 
tem described in reference ‘" is a single- 
board computer based on Intel’s Type 
8052AH-BASIC v1.1 microcontroller. 
As indicated by the type number, the 
computer can be programmed in 
BASIC. Programming is done with the 
aid of a dumb terminal (or a host com- 
puter running a terminal emulation 
program), and a_ bidirectional RS232 
link to the BASIC computer. The system 
can run programs from an on-board 
EPROM, and is, therefore, ideal for 
small-scale process and control appli- 
cations (‘turnkey’ systems). Interesting- 
ly, control software is written and 
debugged direct on the system, and 
loaded into EPROM by the CPU, i.e., 
without the need of an EPROM pro- 
grammer. 

The BASIC computer has been one of 
the most popular projects published over 
the last year or so in this magazine. 
Users have found it simple to build, 
program, and connect to existing equip- 
ment. The BASIC interpreter in the 
8052AH-BASIC is relatively fast, and 
supports a number of extremely useful 
bit-manipulation commands. Machine 
code programming is also possible when 
the Intel reference guide is available. 
After our publishing of the ‘bare bones’ 
of the BASIC computer, many users 
have expressed a firm interest in in- 
put/output extensions for connection to 
the available bus. The modules described 
here are our answer to these requests. 
Readers may be interested to know that 
the modules are also compatible with a 
8751-based autonomous input/output 
controller with RS232 interface, to be 
described in a forthcoming issue of this 
magazine. 
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Functional description of the 
I/O modules 


Two types of bus-connected module are 

described here: 

e a bidirectional digital interface with 8 
inputs and 8 buffered outputs; 

@ an analogue output module capable 
of supplying a highly accurate output 

voltage between 0 and +10,23 V, in steps 

of 10 mV, 


Between the BASIC computer’s bus and 
these modules sits a simple address 
decoder. The I/O modules are small 
units, and one address decoder allows 
parallel connection of up to 8 digital 
modules, or up to 7 modules when 
analogue and digital types are used sim- 
ultaneously. The BASIC computer itself 
allows the connection of a maximum of 
two address decoders. The modular 
structure of the expanded BASIC com- 
puter is illustrated in the block diagram 
of Fig. 1. The address decoder provides 
a bus in the form of a flatcable, which 
runs from one I/O module to the next. 


Address decoder for I/O 
modules 


The circuit diagram of Fig. 2 shows the 
simplicity of the address decoder for the 


Fig. 2. The interface shared by the I/O 
modules is composed of an address decoder 
that divides the available memory space for 
I/O in 8 blocks of 256 addresses, and a cir- 
cuit that modifies the timing of the WR pulse 
to ensure correct loading of the D-A con- 
verter. 


8052AH 
BASIC 
(COMPUTER 


ADDRESS 
DECODER 


Wyman pipe 


8 inputs 
8 buffered 


880159 - 10 | 


Fig. 1. The input/output system for the BASIC computer is a modular structure that gives 
the user freedom of configuration. The I/O boards are connected direct to the databus of the 
microcontroller, but are addressed in the memory segment reserved for peripheral circuits. 


1/0 modules. Monostable IC2 is used 
for timing one of the control signals for 
the 10-bit digital-to-analogue (D-A) con- 
verter, 


The presence of address lines All and 
Al2 allows defining two address ranges, 
so that two decoders can be mounted in 
parallel, each with a different jumper 
configuration (A-D). Table 1 shows that 
each card occupies 256 addresses. 


Bing IC a3 


AD6 13, os aT a. lo she re 


Address decoder IC; supplies 8 enable 
signals, EO to E7. The special use of E7 
on the analogue output module will be 
reverted to, as well as the function of 
signal BS, which is supplied direct by the 
BASIC computer, and runs to the 
analogue output board(s) via the address 
decoder board. 


Monostable IC2 changes the timing of 
WR to provide a signal called SWR 


880159 - 12 


Fig. 3. Circuit diagram of the bidrectional digital interface. Up to 8 of these circuits can be 


controlled by a single address decoder. 


i 


(short write or special write), needed for 
controlling the D-A converter on the 
analogue output module. 


Bidirectional digital input/ 
output module 

The circuit diagram of this basically 
simple unit is given in Fig. 3, Circuit 
IC) is an octal latch whose inputs are 
connected to the databus of the BASIC 
computer. Data is latched into IC: on 
the rising edge of the memory write 
signal, WR, but only when input G is 
held logic low. This condition is satisfied 
when the address supplied by the com- 
puter falls within the range preset by the 
jumper on block Ks; (see Table 1.). 
When the processor writes a databyte to 
a digital output, e.g., at address F600u, 
jumper E6 should be installed on K;, 
and jumpers BD and AC on the address 
decoder board (Fig. 2). 


Circuit I1C2 is controlled by the same en- 
able line, Ex, as IC, and in addition by 
the read signal, RD, of the microcon- 
troller. As a further configuration 
example, jumper E4 should be installed 
on Ka, and jumpers BC and AD on the 
decoder board, to enable the microcon- 
troller to read a databyte at address 
ECOO on the digital 1/O board. The 
databyte read by the selected card is 
formed by the logic configuration of the 


oCOM 
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Fig. 4. Internal diagram of the ULN2803 


Tabie 1. 
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Address assignment of i/O modules. 


Signal Y7 defines address range EOOO.. .FFFF, split in two by A141 and A12. 
Lines A8, AQ and A10 define 8 blocks of 256 addresses. 


enable wire links wire links 
signal BD and AC BC and AD 


F600...F6FF | EEOO...EEFF 
E7 F700...F7FF | EFOO. .. EFFF 


All addresses in hexadecimai. 


signals applied to inputs IO to I7 on the 
25-way D connector, K2. Note that the 
input lines have pull-up resistors, so that 
any non-connected input is read as a 
logic high level. The pull-up resistors 
allow the digital input to be connected 
direct to an existing open-collector or 
open-drain output. 


The Type ULN2803 in position IC: is 
an 8-way inverting power buffer com- 
posed of high-voltage, high-current dar- 
lington transistor arrays. This IC enables 
the digital output to directly control a 
wide range of loads, such as relays, 
solenoids, stepper motors and LED dis- 
plays. Figures 4a and 4b show the inter- 


multitum 


adj A 
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from Sprague. Each of the 8 surge-protected Fig. 5. The analogue output module is based around a 10-bit digital-to-analogue converter 
darlington transistors in this chip can switch Type DAC1006 from National Semiconductor. The output voltage span is from 0 to 10.23 V 


(inductive) loads of up to 500 mA. 


in 10 mV steps. 
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nal structure of the ULN2803. Note that 
the buffers are of the inverting type, and 
that internal anti-surge diodes are pro- 
vided to prevent damage to the open- 
collector output transistor when the cur- 
rent through the inductive load (relay 
coil) is interrupted. The anti-surge 
diodes are internally connected to a 
common rail, which is brought out to 
pin 10. This means that the supply 
voltage for the inductive loads controlled 
by the ULN2803 can be connected to 
pins 21 and 8 of Ko. 


Analogue output module 
The heart of the D-A module shown in 
Fig. 5 is formed by [Ci, a Type 
DACI006. This 10-bit DAC © is 
remarkable for its excellent stability and 
capability to be controlled from an 8-bit 
bus. Loading of data (0 to 102310) is 
done in two successive operations, under 
: 
min. 44206, | 


' 
DATA <i bataout > 
: : min. 482ns 1 


min, 4tr5 
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Fig. 6. For the DAC1006 to operate corectly, 
data should remain stable on the the databus 
for at least 200 ns following the rising edge of 
the WR pulse (Fig. 6b), which is not so on 
the databus of the 8052AH-BASIC (Fig. 6a; 
fc.=11.0592 MHz). A monostable mullti- 
vibrator is, therefore, required to shorten the 
WR pulse (Fig. 6c). 


control of the logic level of the BS (byte 
select) signal applied to pin 3. This 
signal comes direct from the microcon- 
troller 80S2AH-BASIC via an output 
line of port Pl. Users should decide for 
themselves which of these lines is to be 
used for providing signal BS. 

The Type DACI006 has a_ few 
pecularities which call for a_ rather 
special circuit configuration around it. 

Firstly, the DAC has a specific require- 
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ment as regards the duration of the 
databyte. The timing diagrams of Fig. 6 
show that databytes are present on the 
bus for only 40 us after the WR pulse 
(Fig. 6a). The DACI006, however, re- 
quires data to be present for at least 
200 ns (Fig. 6b). This problem is solved 
by monostable IC: in the address 
decoder circuit (Fig. 2). Note that the 
74LS122 used for this purpose is not 
available in the HCT version. 
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Fig. 7. The DAC1006 expects 10-bit, right-justified, data in a 16-bit dataword. Signal BS, 
together with WR and CS, is needed to ensure that data from the 8-bit databus is sequentially 
latched into the device. A further signal, XFER, effects the transfer of the complete dataword 
from the latches to the internal conversion register. 
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Fig. 8. Timing diagram relevant to the loading of data in the D-A converter, 


Loading the DAC 


The second peculiarity of the Type 
DAC1006 has to do with the way it is 
loaded with digital data. Figure 7 shows 
how signal BS allows the chip to latch 
the 10-bit dataword as 8, followed by 2, 
bits. Unconventionally, the 10 databits 
are left-justified in 16 available bit lo- 
cations. Fortunately, in spite of the 
slightly unusual configuration of lines 
ADO to AD7, and BO to B9, it is still 
possible to achieve right-justified data 
by multiplication of the right-justified 
original 10-bit data by 64. The first 8 bits 
are loaded when BS is logic high, the 2 
remaining bits when BS is logic low (see 
also Fig. 8). 

Once the 10-bit dataword is available in 
the latches, it is ready to be transferred 
to the conversion register. This operation 
is controlled by signal XFER, which is 
simply Ex supplied by the address 
decoder board. This explains why only 7 
boards can be connected to the address 
decoder when one or more analogue 
output cards are being used. In that case, 
line E7 is not available for enabling a 
digital I/O module because it serves to 
clock the transfer of the databits to the 
conversion register in the DACIO06, 
Figure 8 shows the time relation between 
the signals involved, As an example, the 
analogue output module is addressed by 
E0, while BS is provided by port line 
P1.0 of the 8052AH-BASIC., ~ 
Smart users may still be able to use E7 
for addressing an eighth card, even if 
one or more analogue output cards are 
being used. This is possible provided it is 
ensured that the contents of the latches 
are correct the moment the 8th card is 
addressed, and that the databyte written 
in the latch of the selected card by E7 
(= XFER) is correct also (refer to the 
listing in Table 2). 

The external reference voltage for the 
DAC1006 is provided by D1, whose ther- 
mal coefficient can be accurately com- 
pensated by preset P2. 


From current to voltage 


The output of IC: supplies a current 
which is converted to voltage in opamp 
IC2, Preset Pi allows defining the full- 
scale value of the output voltage. The 
use of a relatively expensive opamp Type 
OP-77, which achieves an offset voltage 
of only 50 ps at an ambient temperature 
of 25° C, may be questioned given the 
step size of ‘only’ 10 mV, 

It could be argued that a more common- 
ly available opamp with an external off- 
sect compensation resistor would give the 
same results as the OP-77. This is not so, 
however, because the external compensa- 
tion resistor would have a fixed value, 
while the output resistance of the con- 
verter chip changes with every new 
digital value loaded, due to the different 
configuration of the internal R-2R lad- 
der network. 


With reference to the simplified diagram 
of Fig. 9, the effect of this change on the 
static accuracy of the I-V converter can 
be expressed as the magnitude of the er- 
ror voltage, calculated from 


error voltage = Vo (1+Rr/Ro) 


where Ro is a function of the digital 
value written to the DAC: 

Ro10 k@ for more than 4 logic high 
bits; 

Ro~30 k® for any single logic high 
bit. 


Therefore, the offset gain varies as 
follows: 


code = OOIINLIINIINI: 
Ver =Vo,(1 - 10*/10*) = 2Vos. 


code = 010000000000: 


Ver =Vos(1 +10°/3 x 104) = VaVos. 
The error difference between these 
values is 34 Vos. 


It will be evident from the above that the 
non-linearity of the output voltage is a 
function of the opamp’s offset voltage. 
When this is low (OP-77), the maximum 
deviation is also low, athough still de- 
pendent of the digital value written to 
the DAC. 


Construction and alignment 


The peripheral extension modules for 
the BASIC computer are three printed 
circuit boards (Figs. 10, 11 and 12) inter- 
connected by a bus formed by flat rib- 
bon cable. The layout of the boards is 
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such that the output connector, K2, can 
be fitted onto the equipment front 
panel, with the board mounted perpen- 
dicular to this at the inside. At the other 
end of the cards, a 26-way flatcable 
plugged into Ki runs from one card to 
another, connecting all of these to the 
bus card, which is mounted on the 
BASIC computer. The total length of the 
cable should not exceed about 30 cm to 
prevent digital interference on the 
databus. 


The address decoder/interface card can 
be fitted direct on to the BASIC com- 
puter board, and is connected to it by a 
short length of flat ribbon cable. On the 
computer board, connect_pin 7 of [C3 
(address decoding signal Y7) to pin 8 of 
the 40-way connector (K2). It is also 
necessary to choose the Port 1 line to 


Fig. 9. Variation in output resistance of the 
DAC as a function of the converted code 
gives rise to a variable offset current at the in- 
put of the opamp, which translaies current to 
voltage, and so magnifies the offset voliage. 
Obviously, the offset voltage of the opamp 
itself should be as low as possible. 


EE 
October 1988 


Fig. 10. Printed circuit board for the address decoder. 


supply BS. The connection between pin 
6 of K2 and pin 19 of Ki shows that we 
have opted for Port | line Pl. Any other 
line is equally suitable, as long as the 
software for the [/O modules takes this 
into account. 

If it is decided not to use the analogue 
output module, the last mentioned link 
can be omitted. Similarly, the +15 V 
supply is not required then. 


The modules are ready after being 
assigned a memory address by placing a 
jumper on Ka, 

There are only two, simple, adjustments 
lo carry out on the analogue output 
board(s). First, correct the temperature 
coefficient of the LM336-2V5 by ad- 
justing P: for a reference voltage of 
2.490 V measured at pin 6 of the output 
connector, Ke. Next, write 100010 to the 
DAC (10 mV/LSB) and set the full-scale 
output voltage to 10.00 V with the aid of 
Pi, 


The [/O modules discussed have a rela- 
tively low current consumption, and are, 
therefore, conveniently powered from 
the existing supply for the BASIC com- 
puter. The analogue board draws about 
10 mA, the digital board and the 
decoder each about 20 mA. 


Final notes 

The contents of the conversion register 
in the DACI006 are not defined at 
power-on, so that the output voltage 
may not be nought then. When an 
XFER pulse is received by a DAC, all 
other DACs connected respond to this 


Table 2. 


For analogue module: 


Examples of elementary command routines 


Parts list 
ADDRESS DECODER BOARD 


Capacitors: 
C1=100n 
C2=22p 
C3=10u; 10 ¥ 


Semiconductors: 
1C1 = 74HCT138 
IC2=74L$122 


Miscellaneous: 
K1= double-row 40-way right-angled header, or 


40-way right-angled male header with eject 
handles. 
K2= double-row 26-way straight PCB header. 
PCB Type 880159 (see Readers Services page). 


simultaneously. This means that the con- 
tents of the latches should correspond to 
the desired output voltage, which may 
not be the case at power-on. 

The analogue and digital ground lines 
may only be connected on the address 
decoder board. 


100 EO = OFOOOH REM output address (see K3) 

110 XF = OF?700H REM dummy address (transfer) 

120 INPUT X REM get byte to convert 

130 xX = X * 64 REM justify left 

140 PORT1 = 1 REM write byte f 
150 xXBY(EG) = X/256 REM i.e. MSB, and then 

160 PORTI = 0 REM LSB 

170 XBYCEO) = X.AND.OFFH REM (only bits 6 et 7 are useful) 
180 XBY(XF) = 0 REM clock 10-bit transfer 

190 GOTO 120 REM end of loop 

For digital module: 

10 E1 = OF10O0H REM module address (see K3) 

20 Y = XBY(EL) REM read input byte from Y 

30 XBY(E1) = OOF3H REM write byte F3 


AR 


Fig. 11. Printed circuit board for the digital 1/O module. 
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Fig. 12, Printed circuit board for the analogue output module. 


When the logic outputs are used only for 
driving other digital circuits, the 
ULN2803 need not be fitted, and wire 
links may be installed between the PCB 
connections intended for the inputs and 
outputs of the chip. _— 

Finally, do not forget that E7 can not 
normally be used as a board selection 
signal because it is needed as XFER 
shared by the analogue output modules. 


Reference: 
“! BASIC computer. Elektor Electronics 
November 1987, p. 24-31. 
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Parts list 
DIGITAL 1/0 BOARD 


Resistors: 
Rte, Re incl. = 100K 
Rg. ..R16 incl. = 10K 


Capacitors: 
C1=10u; 16V 
C2;C3=100n 


Semiconductors: 
1C1=74HCT377 
IC2=74HCT541 
IC3=ULN2803A 


Miscellangous: 

K1i= double-row 26-way right-angled header, or 
26-way right-angled male header with eject 
handles. 

K2= 25-way D connector, male, with right- 
angled pins, 

K3= double-row 16-way straight PCB header. 

1 jumper for mounting on K3. 

PCB Type 880163 (see Readers Services page). 


Parts list 
ANALOGUE OUTPUT BOARD 


Resistors: 

R1=47K5 1% 

R2= 12K 

P1=25K or 22K multiturn preset 
P2=10K multiturn preset 


Capacitors: 
C1=1n0 
C2;C3= 100n 


Semiconductors: 

D1 =LM336-2V6 

D2;D3= 1N4148 

IC1=DAC1006 (National Semiconductor) 
IC2=OP-77 (PMI) 


Miscellaneous; 

K1= double-row 26-way right-angled header, or 
26-way right-angled male header with eject 
handles. 

K2= 9-way D connector, male, with right-angled 
pins. 

K3= double-row 16-way straight PCB header. 

1 jumper for mounting on Ka. 

PCB Type 880162 (see Readers Services page). 
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PREAMPLIFIER FOR PURISTS 


The ideal preamplifier is a short piece of wire. Unfortunately, we 

have not reached that state yet. A practical preamplifier must 

match signal levels and impedances of the various units in the 

system. None the less, the preamplifier presented here \ 

approaches the ideal state: the electronics in the signal path 
have been kept to a minimum. 


Since the advent of the compact disc 


Technical Specification player, more and more music lovers have 
added one to their hi-fi system. In fact, 
Signal-to-noise ratio > 110 dB the stage has now been reached where a 


Harmonic distortion f= 1kHz: < 0.01% a nes «3 
reat many hi-fi enthusiasts no longer, 
f= 10 kHz < 0.01% e > & 


; or hardly ever, use their conventional 
Channel separation tuner: cK oo 
f= 1kHe & 95dB record player. The present preamplifier is 
f= 10 kHz = 75aB aimed at these listeners. Their hi-fi sys- 
f= 20kHz = 704B tem will normally consist of a CD player, 
CD: a digital audio tape (DAT) player, a reel- 
f= 1kHz & 85 dB to-reel tape recorder, a tuner, and a 
f= 10 kHz = 65 dB power amplifier. 

f= 20 kHz * 60 dB The block diagram in Fig. 1 shows the 
For all measurements: ea scat tonuraiephonttte 4 A layout of the preamplifier. The control 
1 peer sa comeerenaaprosiaae mesic pe board contains 10 switches, each of 

all unused outputs terminated in 600 @ 3 5 ‘ F 
which controls a high-quality relay. The 
relays select the various inputs and out- 
puts. In addition, independent input 
selection is possible for the two tape out- 


0 TED T LINE OUT I puts and the line output. This makes it 
Coen possible to record from one signal source 

lp €o) » » and at the same time to listen to another 
(>) £2 6 TAPE OUT | one via the loudspeakers. 


The two bus boards are adaptations of 
that used for the ‘Top-of-the-Range Pre- 
amplifier’ ('. 

It is one of the tasks of a preamplifier to 
match the input and output impedances 
of the various units in the audio system. 
Another one is volume control. These re- 
quirements are met by the buffer- 
amplifier, the only active element in the 
signal path. 


Bus boards 


Input and output sockets, relays and as- | 
sociated components are housed on the 
same board as used in Ref. 1 — see 
Fig. 3. The shaded areas indicate the 
changes made for the present design: the 
components in these areas are not used. 
Bus board | contains the input and out- 
put sockets, the potential dividers that 
equalize the input signal levels, and the 
input selectors for the tape outputs, 
These selectors, controlled from the con- 
trol board, operate four high-quality 
relays, ReA to ReD incl.. The relays 
determine which input signal is passed to 
the two tape output sockets. 

The board also houses the independently 
switched output sockets. Line output 1 is 
controlled by relay ReF on bus board 2, 
and line output 2 by relay Ref on bus 
Fig. 1. Block schematic of the preamplifier. board 1. This arrangement does not con- 


CVE 


Fig. 2. Prototype of the preamplifier. 


tradict the design criterion of using the 
shortest possible path, because the two 
boards are sandwiched in the construc- 
tion phase, 


Buffer-amplifier 

Apart from possessing the highest poss- 
ible audio qualities, the amplifier must 
(a) present a minimal load to the input 
circuit; (b) be equipped with a volume 
and balance control; and (c) have a low 
output impedance. Its circuit diagram is 
shown in Fig. 4. The difference between 
it and most other amplifiers of this 
nature lies in the choice of components. 
More particularly, the type of opamp is 
important. The one used here can not 
easily be bettered. Further, the use of 1% 
resistors is not intended to achieve high 
accuracy, but rather to ensure long-term 
stability. 

Only one capacitor is used in the signal 
path, and it is, of course, of the highest 
quality for audio purposes. No 
capacitors are used in the output of the 
amplifier, since the inputs of the power 
amplifier are normally fitted with one. 
In any case, the off-set voltage of the 
second stage is so low that even where a 
DC-coupled power amplifier is used no 
direct-voltage problems will ensue. 

The purpose of resistors Rx», Ras, Rao 
and Ra is mainly to decouple the two 
outputs from one another. They are also 
of benefit where long connections or 
capacitive loads occur. In most cases 
they may be omitted (replaced by wire 
links). This is particularly so if only one 
output is used. 

The balance control is arranged as two 
independent potentiometers, one for 
each channel. This arrangement has the 
advantage that not only the balance but 
also the output level may be set in ac- 
cordance with the input sensitivity of the 
power amplifier. 


Control board 


The relays are controlled electronically. 
This has the disadvantage that after 
switch-off the amplifier no longer 
‘remembers’ which input source was 
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Fig. 3. The two bus boards are adaptations of that used in the very succesful *Top-of-the- 
Range’ preamplifier.” 


(Y Shaded components are not used. 
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from ZR 
bus PCB 2 


from ZL 
bus PCB 2 


to VR 
bus PCB 2 


Tok log 10k log 


to ¥L 
bus PCB 2 
VL 


15V 


all R’s metal film except 
R32,R33,R40 and R44 


At, A2 = IC6 = OP227(PMl) 
A3, A4 = IC7 = OP227(PMl) 


880132-12 


4 a B1 = 88001500 


100mAT 


© 15V-250mA 


16V-250mA O 


Fig. 5. Circuit diagram of the power supply. 


selected, but the advantage that you 
don’t get blown out of your seat when 
on subsequent switch-on the tuner is 
tuned to a hard-rock programme and the 
volume is set fairly high. 

The control-circuit is so arranged that 
after switch-on no input source is selec- 
ted and that the user may select no, one, 
or two outputs. 

The control circuit may be divided into 
three parts: (a) one for the control of the 
output relays; (b) one for the control of 
the recording source relays; and (c) one 
for the control of the input source relays. 
The circuit of (a) is given in Fig. 7a. It is 
based on bistables FFi and FF, which 
store the selected setting. Since the Q 
output of FF2 is connected to the D 
output, each clock pulse (generated 
when either S: or S2 is pressed) will 
toggle the relevant bistable. In this way, 
a selected output is switched off and a 
switched-off one is selected. 

To ensure smooth operation of the cir- 
cuit, the switches are connected to the 
clock input of the bistables via debounce 
circuits Ni-N2 and N3-Na. 

The two circuits are intercoupled with 
the aid of diodes Di to Da inel. and 
resistors Rio and Ru in a manner that 
makes the interdependence between the 
relays comparable to that of mechan- 
ically coupled switches. This makes it 
impossible for two relays to be actuated 
simultaneously. 


Note that the diode-resistance logic is 
formed only by the relevant resistor, Raw 
or Rn, and the diode that is connected 
to the bistable, D2 or Ds as the case may 
be. The other diode, Di or Ds, only 
serves to prevent the output of the 
bistable being shorted to ground by the 
associated switch, 

Diode D2 and Rio, and Ds and Ru, form 
and NAND gate. The output of that 
gate, i.c., the junction of the diode and 
resistor, is 0 only if the associated circuit 
output is selected and the switch of the 
other channel is operated. This ensures 
that when an output is selected, the 
other output is switched off. In spite of 
this arrangement, it is possible to switch 
on both outputs simultaneously. To 
achieve this, the sequence in which the 
switches need to be operated is import- 
ant. It is necessary for the switch associ- 
ated with the switched-off output to be 
depressed first and to be held down 
while the other switch is pressed. If this 
sequence is reversed, the outputs are 
changed over. If both outputs are 
switched off, it is permissible for both 
switches to be pressed simultaneously. 
To ensure that the bistables are in a given 
stale on switch-on, their set and reset in- 
puts are provided with RC networks. If 
either Cu or Cis is replaced by a wire 
link, the associated output remains off. 
If the capacitors are fitted as shown, the 
bistable output will be ‘on’ about a sec- 
ond after switch-on. 
Because of the relative 
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Fig. 6. Component layout of bus board 1." 


Parts list 


BUSBOARD 1 _& 
— 4 


Resistors {+ 1%; metal film): 
R37;R37' = 10KO r 
R3e;R38' = 10K2 
R39;R39';R41;R41’° =2K21 
R40;R40';R42;R42' = 48K7 
R43;R43‘;R4s;R45' = 4K 75 
R46;R46";Ra;Rb= 475K 


+ 


ke 
gg Kaas to Kt 


LINE OUT{ b¥sPCBt 
I 


Capacitors: 


C33..C36 incl.;C39=100n st | BC547B 


Semiconductors: 
Di... .D4 incl.;D6 = 1N4148 


Miscellaneous: 

Rea. . .Reb incl.;RerF= DS2E-M-DC12V (manu- 
facturer: SDS), or W11V23102-A006-A111 
(manufacturer; Siemens), or M1-12 or M1B12H 
(manufacturer; Meisei), or G2V-2 (manufacturer: 
Omron). 

16 off gold-plated phono sockets, e.g. Type T- 
710G (Monacor}. Ra 

10-way male PCB header. 

PCB Type 86111-3a (see Readers Services page). 


g 83-1 toK1 
LINE OUT( bus PCB 2 
I 


constant Rs-Cio, the selected outputs 


will not be able to react to Si or S2 fora os tav7 cu” 
couple of seconds (i.e., the duration of | o 84 — 
the set pulse). 


The second and third sections of the 
control board consist of identical circuits 


— see Fig. 7b. pa - w 
Circuit [Cs is an eight-fold inverter- Sioiksaaceces 
driver that prompts the actual control col YO @ FF4, FF2 = IC2 = 4030 


circuits around IC; and ICs to provide 
the input relays and indicator LEDs with 
adequate current. 

The drivers are controlled by two BCD- 
to-decimal decoders, IC: and ICs, which 
are arranged in a manner to make it im- 
possible for cither IC to switch on more 
than one input at a time. [f more than 
one switch is pressed at the same time, 


01...D4 = 1N4148 


880132 - 13a 


Fig. 7. Circuit diagram of the control section with the output switches in (a), and the switches 
(1) Shaded Components not used for input source and recording in (b). 
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Parts list 
BUSBOARD 2 


Capacitors; 
C33...C36 incl.;C39= 100n 


Semiconductors: 
Di...Da incl.;D6 = 1N4148 


Miscellaneous: 
Rea... .Reo incl.;Rer= DS2E-M-DC12V {manu- 


facturer; SDS), or W11V23102-A006-A111 
(manufacturer: Siemens), or M1-12 or 
M1B12H (manufacturer: Meisei), or G2V-2 
(manufacturer; Omron). 

Ki= 10-way male PCB header. 

PCB Type 86111-3a (see Readers Services 
page}. 


General Note: many special components for this 
project are available from AudioKits Precision 
Components (0332 674929), or from Sage 
Audio {0274 568647}. 


no input is selected at all. This is 
achieved by the use of BCD codes of 
which only one bit is high: those for 1, 
2, 4, and 8. These codes are generated 
when only one switch is pressed. The 
hold function is obtained by feedback of 
the relevant output via a diode. As soon 
as an output is high, it causes a code at 
the input which ensures that the output 
remains high, This state can be altered 
only by operating another switch: the 
decoder then changes over. 

During the change-over (which lasts for 
a few hundred nanoseconds), or if more 
than one switched is pressed (which may 
last longer), none of the input relays can 
be energized. If more than one switch is 
pressed at the same time, the decoder 
will be presented with several high bits. 
One of the six not-connected decoder 
outputs will then go high and all connec- 
ted outputs will become low. 
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Fig. 9. Component layout of the power supply board. 
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References: 

1. Top-of-the-Range Preamplifier — 
Elektor Electronics — Nov, Dec 1986 
Jan 1987, 
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CONTROL, LINE AMPLIFIER AND POWER 
SUPPLY 


Resistors: 

R1...R9 incl. = 1MO 

R10;Ri1;R16, . .R23 incl. = 10K 

R12;R14;R24;R2s = 680R 

R1i3;R1s=4K7 

R26;R34= 1MQ; 1% 

R27;R28;Ras;R36 = 22K 1; 1% 

R29;R37=47K5; 1% 

R30;R38 = 2K49; 1% 

R31;R39= 10K; 1% 

R32;R33;R40;R41=47R 

P1a;P1b=10K logarithmic potentiometer 
(Bourns, Spectrol) 

Pic= 10K stereo logarithmic potentiometer 
(Alps) 


Capacitors: 

C1... C6 incl.;C11;C13;C19. . C24 incl. = 1,0; 
MKT 

C7=470y; 40 V 

Cs;Ca=220u; 40 V 

Cio;C1s=10y; 16 V 

Ci2;Ci4;Ci6.. .Cis incl.;C27=100n 

C28;C26=47p polystyrene/styroflex 

C2e...C31 incl, =22n 


Semiconductors: 

B1=B80C1500 (80 V; 1.5 A bridge rectifier) 
(Universal Semiconductor Devices; C- Elec- 
tronics) 

D1...D13 incl. = 1N4148 

014, ..D23 incl.= 3mm LED in $1.. .S10 
(ITW switch) 

T1:T2=BC547B 

1C1=4011 

1C2=4013 

iC3iC4 = 4028 

ICs =ULN2804A (Sprague) 

ICelC7=OP-227GY (PMI) or OP-227GN/GJ 
(Linear Technology) 

\Ce= 7812 

IC9=LM325N 


Miscellaneous: 

$1...S10 incl.= Momentary action key with 
hole for LED. Type with broad cap (17.3 mm); 
ITW Licon series. ITW Switches @ Division of 
ITW Limited @ Norway Road e Hilsea 
Industrial Estate ‘e Portsmouth PO3 5HT. Tel.: 
(0705) 694971. Telex: 86374. ITT/Schadow 
Type Digitast switches may also be suitable. 

$11= single-pole mains switch. 

Fi= 100 mA delayed action fuse 

PCB-mount fuse holder for F1. 

K1= mains entrance socket. 

K2= 3-way PCB terminal block. 

K3= 20-way male PCB header. 

One 20-way female flatcable connector (IDC 
type). 

Two 10-way female flatcable connectors (IDC 
type). Approx. 15 cm of 20-way flat ribbon 
cable, or two lengths of 10-way cabie. 


DiL-style heat-sink for ICs. 

Tri= PCB-mount mains transformer; 2x 15 V: 
8 VA. 

PCB Type 880132-1 {see Readers Services 
page). 

PCB Type 880132-2 {see Readers Services 

page). 


General Note: many special components for this 
project are available from AudioKits Precision 
Components {0332 674929), or from Sage 
Audio (0274 568647), 
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Fig. 10. Component layout of the control 
board. 
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Fig. 11. This is how the two bus boards are 
sandwiched. 
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Fig. 12. Foil for the front panel. 


When the preamplifier is switched on, 
the decoders are automatically set to 0, 
because their inputs are connected to 
ground (=0) via resistors. In this state 
the decoder will remain inactive until 
one of the switches is pressed. If it is 
desired that one of the inputs is active on 
switch-on, a 100 n capacitor should be 
connected across the relevant switch. 


Power supply 


The circuit of the power supply is shown 
in Fig. 5. The supply for the control cir- 
cuits and the relays is stabilized by ICs, 
a Type 7812 that has been ‘elevated’ to a 
12.7-V regulator with the aid of Ds. 
This is done to compensate the voltage 
drop across the outputs of ICs, so that 
ihe full 12 V remains available for the 
relays. 

The symmetrical supply for the buffer- 
amplifier is regulated by ICs. 

Any mains noise is filtered by capacitors 
shunting the diodes of bridge rectifier 
Bi. 

All parts of the power supply, except the 
mains on-off switch and Ki, are housed 
on the PCB shown in Fig. 10. 


Construction 


The two bus boards are mounted one 
above the other at a distance of about 
20 mm. This ensures that terminals A to 
N incl. are opposite one another, which 
facilitates inter-wiring them. 

The component population plan of the 
two boards is shown in Fig. 6 and Fig. 8. 
To facilitate the interconnection of ter- 
minals A to N, soldering pins should be 
used on bus board | at the 14 positions 
indicated. These pins should, of course, 
be put in place before the resistors of the 
input potential dividers are mounted. 
On bus board 2, solder a short length of 
wire to terminals A to N. These lengths 
of wire are later soldered to the corre- 
sponding soldering pins on board 1. 
Before the two boards are finally con- 
nected together, solder appropriate 
lengths of wire to terminals VR and VL 
on bus board 1: these points are difficult 
to get at after the sandwich has been 
formed. 

Once the two boards have been made 
into a sandwich, they may be mounted 
to the inside rear panel of the preampli- 


fier by eight screws. This number of 
screws is necessary to spread the mech- 
anical load evenly over the boards. 
The component mounting plan for the 
control and amplifier board is shown in 
Fig. 9. 

Note that switches Si: to Sw must have 
two terminals for the mother contact, 
because the connection between these 
two serves as a wire link In some of the 
switches. 

The board provides three common ter- 
minals per channel for the volume and 
balance controls. The connections be- 
tween these controls must therefore be 
hard-wired. 

Always begin work on PCBs with 
placing the required wire links: these are 
easily forgotten once the board has been 
populated. 

Note that header K; and the 1 pF 
polycarbonate (polyproylene) capacitors 
should be fitted at the track side of the 
board. In some cases, it may also be ad- 
vantageous to locate solder pins at the 
track side. 

Any wiring carrying audio signals is best 
made in single screened audio cable. The 
screens may be earthed at both sides, 
since the boards have been designed to 
prevent earth loops. 


ae 


Fig. 13. Flat cable connecting the control 
board to the two bus boards, 


Connections between the control-board 
and the relays on the bus boards are 
made by a short length of 20-way flat 
cable — see Fig. 13. One end of the cable 
is terminated into a 20-way connector 
and the other end into two 10-way con- 
nectors. 

Finally, all identically named terminals 
on the power supply board and the con- 
trol board should be interconnected. 
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ULTRASONIC DISTANCE METER 


Until well into the twentieth century, most devices developed for 
measuring distance worked on the same principle: comparison of 
the measured distance with a standard unit of length. Other 
means are now available. One of these is the measurement of 
time taken by a sound wave to cover a certain distance. This 
sound normally lies beyond human hearing. 


The ultrasonic rangefinder presented 
here is suitable for measuring distances 
between 25cm and about 6m. The 
measured distance is shown on a 3-digit 
liquid erystal display—LCD. The low 
current drawn by the unit makes battery 
operation possible: a ‘LO BAT” reading 
on the LCD indicates when the battery 
needs to be replaced. 

The block schematic in Fig. 1 shows the 
four major parts of the meter: a sender, 
a receiver, a timing and time reference 
section, and a counter with display. 
The transduction element emits bursts 
of 12 pulses at a frequency of about 
40 kHz. This frequency is roughly ident- 
ical with the resonance frequency of the 
two transducers, so that some sort of 
selectivity is obtained at the sensing el- 
ement. As soon as the first burst is emit- 
ted, a bistable is actuated which enables 
the counter. 

Immediately after the burst has been 
emitted, the unit is switched to recep- 
tion. The sensitivity of the receiver is a 
function of time. During and immedi- 
ately after emission of the burst, the sen- 
sitivity is low. Crosstalk between the 
transduction and sensing elements has, 
therefore, no effect on the operation of 
the unit — see Fig. 5. If an echo is re- 
ceived very soon after cessation of the 
emitted burst, it will be sufficiently 
strong to be processed by the recciver in 
spite of the very low sensitivity. An echo 
that takes a longer time to reach the 
sensing element will be weaker, but by 
then the sensitivity of the reciever has be- 
come higher. The upshot of this arrange- 
ment is that reliable measurements, 
unatfected by spurious reflections and 
crosstalk, may be made with relatively 
simple means. 

At the instant the echo is sensed, the 
bistable is reset and the counter state 
transferred to the output latch. 

Since the clock frequency is 17.05 kHz 
and the velocity of sound under normal 
atmospheric conditions may be taken as 
341 ms ', the period of the clock is 
equal to the time taken by the burst to 
travel 2 cm Le., 1 cm forward and 1 cm 
back. This means that the number of 
clock pulses counted between the onset 
of emission of the burst and the sensing 


of the echo is equal to the number of 
centimetres between the transducers and 
the reflecting surface. 


Accuracy 

The accuracy of the measurement 
depends on the precision with which 
time is measured and on the ambient 
conditions. The speed of sound depends 
on the atmospheric pressure, the tem- 
perature, and the air density. Readers in- 
terested in the details of these dependen- 
cies are referred to the inset box. 

A source of larger errors than caused by 
atmospheric conditions is the unit itself, 
mainly due to the incorrect triggering of 
the receiver. Partly because of the Q fac- 
tor of the sensing clement, it takes a 
finite time (up to a few periods of the 
40 kHz signal) before the received signal 
attains maximum amplitude and the re- 
ceiver is triggered. Each delayed period 
causes a measuring error of about half a 
centimetre. 

None the less, under normal conditions, 
measurements made with the prototype 
at up to 6 m were at all times accurate to 
within 2%, i.e. 2 cm per metre. 
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Fig. 1. Block schematic of the distance meter. 
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Circuit description 

The transduction element is driven by 
four paired CMOS buffers. The output 
stage Is actually a full bridge which 
causes a doubling of the effective voltage 
across the clement. Capacitor Ci blocks 
the DC component of the output signal 
during pauses in emission. To obtain 
bursts at maximum energy, IC: is con- 
nected direct to the 9-volt battery. The 
remainder of the circuit operates from 
SV. 

The 40 kHz oscillator is tuned to the 
resonance frequency of the transducers 
with the aid of Pi. The regulated supply 
voltage ensures adequate frequency stab- 
ility. Comparator As matches the logic 
levels of the oscillator (high=5 V) and 
the output circuit (high=9 Y), 

The S-volt supply is regulated by a 
78L05. This type of regulator requires 
only a small bias current at low output 
currents and thus helps to keep the 
overall current drawn by the circuit low 
(typ. 4.5 mA). Unfortunately, the load 
regulation of this regulator is poor: good 
decoupling, praticularly of the counter 
IC (Rw—Cra), is therefore essential. 
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f the distance meter. 


ircuit diagram o 


Fig. 2. C 


The central timing is provided by [C3. 
When S: is pressed, output Qu goes 
high twice a second. Network R2-Ci 
enables the 40 kHz oscillator for about 
0.3 ms, so that the emitted burst con- 
tains 12 periods of the 40 kHz signal. 
During emission, the output of Ar is 
high which, via Di, causes the threshold 
af comparator As to be raised to a level 
that makes triggering by crosstalk im- 
possible, 

At the start of an emission, bistable Nov- 
Nw is set. This disables the count in- 
hibit input of ICs, which thereupon 
commences counting the 17.05 kHz 
pulses applied to pin 32 by ICs. 
Receiver input amplifier Ax has a gain 
of 33 dB [20 log(R8/R9)}. The amplifier 
is AC coupled, because the sensing el- 
ement has a virtually infinitely high DC 
resistance. The input offset voltage is, 
therefore, not amplified. Also, Rus 
serves tO minimize the offset voltage 
caused by the input bias current. A 
minimum offset voltage at the output is 
important because, together with the in- 
put offset vollage of As, it determines 
ithe maximum attainable — sensitivity. 
Time-dependent sensitivity 1s realized by 
Ai lowering of the trigger level of As via 
time constant Re-Cs. The maximum 
sensitivity may be matched to the am- 
bient conditions by Ps: more about this 
under calibration, 

When an echo is received, the output of 
As goes low, which causes the bistable 
io be reset, and this in turn disables the 
clock to ICs, At the same time, a short 
negative pulse is applied via Ru-Ciz and 
Nu to pin 34 (STORE), which results in 
the transfer of the counter state to the 
output latch of ICs, Gate Nn merely 
buffers the low-impedance store input. 
When the Qi output of 1Cy goes low, 
the counter in ICs is reset, and the cir- 
cuit is ready for the next measurement. 
If Qe goes low in the absence of an 
echo, the counter is still reset, as is the 
bistable (via Da). The display then reads 
0.00 to indicate an abortive measure- 
ment, 

Apart from a counter, [Cs also contains 
all the necessary circuitry for driving a 
3'-digit display. Only three digits are 
used in the present circuit. Gate Niz in- 
yerts the backplane signal of the LCD 
and thus provides a fixed drive for the 
decimal point. 

The battery voltage is monitored by Nis. 
When it drops to about 7 V, the gate’s 
function changes from non-inverting to 
inverting, which causes the LO BAT seg- 
ment of the LCD to light. Flickering of 
this is prevented by the hysteresis of 
around 200 mV provided by Rus. 


Construction 


Before anything clse, make sure that the 
printed-circuit board fits snugly in the 
chosen case. Note that two corners must 
be removed to allow passage of the 


Velocity of sound in a gas 

The velocity of sound, y, in a gas, such 
as air, for frequencies above 200 kz, is 
given by 


v=V (yple) 


where 


y is the adiabatic bulk modulus of the 
gas (1.4 for air) 

pis the pressure of the gas in Pa 
(air pressure at sea level is 
1,01325x10° Pa) 

o is the density of the gas in kg m@ 
(density of air=1.29 kg m°) 


If a mole of air has a mass M anda 
volume V, the density is M/V and the 
velocity of sound, y, is 


v=) yple)=V(PVM) 


But DV=RT, where & is the molar gas 
constant and T is the absolute tem- 
perature. Therefore, 


V=|'(¥RTM) 


Since y, M and R are constants for a 
given gas, it follows that the velocity of 
sound in a gas is independent of the 
pressure if the temperature remains 
constant. It also follows that the velocity 
of sound is proportional to the square 
root of its absolute temperature. Thus, if 
the velocity in air at 0 °C is 331 m s*, 
the velocity at room temperature, 

20 °C=293 K, is calculated from 


Vi3341= }'(293/273)=331)' 1.07326= 
342.94 ms" 


Fig. 3. General view of the distance meter. 
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serews that fasten the front and rear of 
the case. 

Many wire links are required and these 
should, as a general rule, be soldered in 
place before any population of the board 
takes place. Make sure that the LCD is 
mounted at the correct height to fit 
snugly in the window provided in the 
case. The distance between the top of the 
display and the board must be 25 mm. 
To prevent crosstalk of the LCD drive 
pulses to the receiver, it is essential to fit 
a tin or brass screen between the upper 
row of LCD pins and the transducers. 
This screen is fitted between the two 
solder pins provided. 

A second screen is required to cover the 
shaded area in Fig. 4. It should be 
soldered to the first screen near Cis, and 
kept in place with the aid of a few drops 
of superglue or epoxy resin. 

The tranducers may be fitted on to the 
solder pins provided on the board or 
outside the case, for instance, in the 
bumpers of a car. On the board, they wil 
be located towards the front of the case, 
in which two 16 mm dia. holes must be 
drilled. Tf mounted externally, they are 
connected to the board by 2-way in- 
dividually screened cable. 

If the unit is used in a car, and supplied 
from the car battery, it is advisable to 
connect a small choke in series with the 
supply line to the meter and decouple it 
with a 100 pF, 16 V capacitor. 


Calibration 


A good multimeter is essential; an os- 
cilloscope and/or frequency meter is 
useful. 

First, the frequency of the 40 kHz oscil- 
lator must be matched to the resonance 
frequency of the transducers. Connect a 
temporary wire link between pins 1 and 
14 of IC»: this will cause the transduc- 
tion element to operate continuously. 
Turn Pi fully anticlockwise. Measure 
the current drawn from the battery with 
the multimeter and turn P: slowly 
clockwise until the current is a maxi- 
mum (about 16 mA). The oscillator is 
then set to the correct frequency. Note 
that when Pi is turned further, there is a 
second current peak, but that is NOT the 
required point. This is all assuming that 
the 4093 used in the IC: position is 
of SGS or RCA manufacture. The 
Motorola version has a smaller hysteresis 
and this may necessitate an increase in 
the value of C2 to 2n2. The National 
Semiconductor version, on the other 
hand, has a higher hysteresis, so that the 
value of C2 may have to be reduced to 
470 p. 

Remove the wire link from pins | and 14 
of IC>. Press Si and make sure thai the 
transduction element produces a short 
click twice a second. 

Next, P2 must be adjusted until the os- 
cillator in [Cs operates at 17.05 kHz 
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Parts list 


Resistors (+ 5%): 
Ri=27K 

R2;Ri6=180K 

A3= 10K 
Ra:Rs:R7;Re;R13...R15 incl.; 4R20= 100K 
Ra;Ra=2K2 

Rro=47Kk 

Rii= 18K 

Riz2=220K 

Ri7=39K 

Rig=1M0 

Ria9=1K0 

P1=25K multiturn preset 
P2= 10K preset V 

P3= 1MO preset H 


Capacitors: 

C1;Ca=220n 

C2=1n0 {see text) 
C3=10 yp; 16 V; tantalum 
Ca...C7 incl,;C9=100n 
Cio= 1n0 

C11 =5n6 

C12=270p 

C13= 140; 6.3 V; tantalum 
Ci4=15p 


Semiconductors: 

Di., Da incl. = 1N4148 

IC1=4049 

IC2=4093 (see text) 

\Ca=78L05 

{C4a=4060 

IC5=LM324 

IC6=4030 

IC7=LM393 

ICa =1CM7224 (Intersil). Available from 
ElectroMail (stock no. 308-562) or from 
Universal Semiconductor Devices. 


Miscellaneous: 

Ut=MA40A5S ultrasonic transmitter (Murata *) 

U2=MA4OAS5R ultrasonic receiver {Murata *}. 

3'2-digit LC display with LO-BAT indication, 

$1i= push-to-make button. 

Sz= miniature SPDT switch. 

2 off 20-way contact strips for mounting LC 
display, 

Hand-held ABS enclosure: e.g. BICC-Vero Type 
65-2996H {BICC-Vero Electronics Limited @ 
Parr @ St. Helens @ Merseyside WAS 1PR. 
Tel.; (0744) 24000}. Alternative type: W81". 

Press-on clip for 9 V PP3 battery. 

PCB Type 880144 (see Readers Services page). 


"Listed by ElectroValue Limited @ 28 St Judes 
Road ® Englefield Green # Egham @ Surrey 
TW20 OHB. Telephone: (0784) 33603. Telex: 
264475. Northern branch: 680 Burnage Lane 
e Manchester M19 1NA. Telephone: (061 
432) 4945, 


' Murata Electronics (UK) Limited @ 5 
Armstrong Mall # Southwood e 
FARNBOROUGH GU14 ONR, Tel.: (0252) 
523232. Telex: 858971. Fax: (0252) 511528. 
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Fig. 5. Timing diagram of the measuring process. 


(measured with a frequency meter at pin 
9 of the [C). In the absence of a fre- 
quency meter, place the unit in a pos- 
ition where the distance between the 
front of the transducers and a good 
reflecting surface (a wall or window 
pane) is exactly one metre (measured 
with a tape rule or similar). Press Si 
and turn P2 until the display reads 1.00. 
If the reading is not stable or just 0.00, 
turn P3 slightly until a correct, stable 
reading is obtained. 

Adjustment of P. (sensitivity) depends 
largely on the circumstances of use. In 
quiet surroundings, the control may be 
set fully anticlockwise (maximum sensi- 
tivity). If, however, the display gives 
spurious readings, like 128, 256, or 512, 
the sensitivity is too high: the meter then 
detects its own clock. This is obviated by 


turning Ps slightly clockwise, 

If the unit is used in noisy surroundings, 
reduce its sensitivity even further, so that 
it does not respond to spurious sounds. 
Note, however, that the maximum 
measureable distance is then reduced. 
It should be borne in mind that absorb- 
ent surfaces, such as furniture, dressed 
people, and so on can not, or alt least not 
reliably, be detected. This is because the 
echo from them is too weak to trigger 
the receiver. It pays, however, to experi- 
ment. For instance, the sensitivity of the 
receiver may be inercased (within reason) 
by reducing the value of Re. Further- 
more, the time dependency of the sensi- 
tivity may be altered by changing the 
value of time constant Re-Cs. Reducing 
that value makes the meter more sensi- 
tive over shorter distances. 
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FIELD PROGRAMMABLE 
LOGIC ARRAYS 


The Programmable Logic Array, PAL, introduced in the early 1980s, 
has been slow in being accepted by designers, in spite of a 
promising start. The Field Programmable Logic Array, FPLA, a more 
flexible device that is a cross between PAL and PROM (Programm- 
able Read Only Memory), has established itself rather more 


A programmable logic device is a 
halfway house between standard logic 
ICs and custom-design ICs. It thus com- 
bines the financial advantages of large- 
scale production of the former and the 
flexibility and compactness of the latter. 
Programmable logic devices can be 
classified under four headings: (1) Pro- 
grammable Read Only Memory — 
PROM; (2) Programmable Array Logic 
— PAL; (3) Field Programmable Logic 
Array — FPLA; and (4) Field Pro- 
grammable Logic Sequencer — FPLS. 

The PROM ts probably the best known 
of the four categories. It is found, 
among others, in computer systems and 
code converters. A PROM consists of a 
fixed AND array and a programmable 
OR array — see Fig. 1. It is seen that the 
array is similar to the arrangement of 
elements in matrix algebra. The AND 
array and the input variables can form a 
large number of possible combinations. 


PROM 
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Fig. 1. A PROM consists of a fixed AND ar- 
ray and a programmable OR array; when all 
fusible links are intact, all outputs are logic 
high. 


quickly. 


This programming is effected by break- 
ing selected links between the AND and 
OR arrays. 

The programming of a PROM is fairly 
simple and can be effected with almost 
any type of computer and some more 
hardware. 

The PAL is similar to the PROM, but in 
contrast its OR array is fixed and the 
AND array is programmable — see 
Fig. 2. The input variables are applied to 
the AND gates. Selectively broken con- 
nections determine which signals are 
used by the AND gates. The output of 
cach AND gate is applied to an OR gate: 
these links can not be broken. 

The FPLA — see Fig. 3 — is becoming 
the most interesting of the four 
categories for equipment designers. 
Regrettably, it is often, slovenly, referred 
to as a PAL, although, in fact, it is a 
combination of a PAL and a PROM. 
That is, both the connections of the in- 
put variables with the AND gates (prod- 
ucts) and those with the OR gates (sums) 
may broken. 

The FPLS is an extended version of the 
FPLA. In this type of device, the OR 
gates are followed by a bistable. The out- 
put of the bistable is fed back to the 
AND array. 

All four categories are available in 
erasable and non-erasable versions: the 
former is identified by the letter E 
preceding its type code, thus, EPROM, 
EFPLA. Erasure is normally effected by 
exposure to ultraviolet light. 


Programming FPLAs 


FPLAs are normally programmed with 
the aid of a computer, suitable software, 
and an FPLA programmer. The software 
translates Boolean equations into pro- 
gramming instructions. These instruc- 
tions are passed as a universal JEDEC 
(Joint Electron Device Engineering 
Council) code to the FPLA programmer. 
Each family of FPLAs has slightly dif- 
ferent programming instructions, so that 
the programmer must be capable of 
adaptation to the relevant FPLA. A 
good FPLA programmer, therefore, is 


provided with the programming instruc- 
tions for most, if not all, FPLA families. 
In addition, the software of the pro- 
grammer is updated regularly, so that 
the unit can at all times cope with the 
latest types of FPLA. Note that these 
updates have to be purchased separately: 
they are NOT automatically provided by 
the supplier. 

The simplification of logic functions 
and the programming instructions de- 
rived from this depend on whether an 
FPLA or an FPLS is used. 

An eminent application for an FPLA is 
the address decoding of a computer sys- 
tem. A recent computer project ‘ in- 
cluded that application. 

FPLSs are normally used for more com- 
plex applications in which sequential op- 
erations are carried out, such as in code 
locks or in automatic control units. The 
conversion of a logic function into pro- 
gramming instructions for these devices 
is often quite protracted and _ is, 
therefore, best carried out with the aid of 
software. 
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Fig. 2. In contrast to a PROM, a PAL con- 
sists of a programmable AND array and a 
fixed OR array. 
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Fig. 3. Logic diagram of Signetics Type PLS100 FPLA. The 16 input variables can form a 


maximum of 48 products and eight sums. 


On the basis of a Signetics Type 825100 
FPLA, it will now be shown how a 
Boolean equation is converted into a 
programming instruction. The choice of 
an 828100 was purely arbitrary: the pro- 
cedure is the same for other types of 
FPLA. It should, of course, be borne in 
mind that the number of possibilities 
often varies because different families of 
FPLA have different numbers of gates. 
A Boolean equation shows in mathe- 
matical form the operation of a digital 
circuit. For example, such an equation 
may indicate when an output is high or 
low as a function of the input  vari- 
able(s). 

Once the equation has been formulated, 
it may be converted with the aid of the 
logic diagram in Fig. 3. The numbers in 
the squares adjacent to inputs Io to lis 
are the pin numbers of the IC. 

The input signals are made available at 
the AND array in their original as well as 
in inverted form. The user may employ 
these as required. 

The original input signals and their in- 
verted counterparts may be combined at 
will in the OR array (shown at right 


a 


angles to the AND array). 

Each of the OR outputs is followed by 
an XOR gate which serves to determine 
the active state of the outputs. During 
manufacture, one of the pins of the 
XOR gates is connected to ground to 
make the outputs active low. If the con- 
nection to earth is broken by the pro- 
grammer, which causes the second input 
to remain high, the gate inverts all out- 
put signals. When an FPLA leaves the 
factory, all links in the arrays are intact. 
During programming, the connections 
(links) are removed selectively (this is 
known as ‘blowing the links’). The 
results of the programming may be seen 
in Fig. 4. 

Erasable programmable logic devices, 
when erased, are identical with perma- 
nent FPLAs leaving the factory, i.e., all 
logic functions are inactive. Although 
these chips are more expensive than the 
permanent ones, they have a number of 
advantages which may be vital for the 
equipment designer. 

Assume that two digital functions, 
represented by the following Boolean 
equations have to be programmed in an 


FPLA. 
X0o=AB+CD+BD 
X: =AB+CD+EFG 


First, these equations must be split in an 
OR and an AND function. Together, 
they contain five products that must be 
put into the AND array. The two desired 
functions, the sums, are produced from 
these five products in the OR array. 


Po=AB 


=CD 


Ps=EFG 


Manufacturers of FPLAs have designed 
a handy form for compiling the pro- 
gramming instructions. This form — see 
Fig. 5 — quickly gives answers to the 
questions of the programmer. It com- 
piles the instructions hyd by step. 

The diagram in Fig. 3 shows that input 
variables Iv to Is incl. (A to G inel.) are 
connected to pins 3 to 9 incl. In this type 
of device, the inputs and outputs are 
fixed, i.e., the programmer can not 
allocate a different function to a_given 
pin. Output signals Xo and Xi are 
available at pins 17 and 18 respectively. 
The second step is to fill in the con- 
ditions in which the products are true 
(active). This may be seen in Fig. 6. 
Product Po is true if variables A and B 
are true (Po=AB). The other input 
variables have no effect on Po. This is 
indicated by the H in columns A and B. 
The H means that the variable is true for 
a logic high signal. All other columns 
have a ‘‘don’t care’’ (—) sign. 

For the term P: the level of C must be 
low (C!) and that of D high. This is 
shown on line 2 in Fig. 6 by a L(ow) in 
column C and a H(igh) in column D. 
The conditions for the remaining terms 
are indicated in the table in a similar 
manner. 

It is then necessary to allocate a pin to 
each of output signals Xo and Xi. In 
this example, pins 17 and 18 respectively 
have been chosen — see Fig. 7. Further- 
more, it has to be indicated that Xo is 
active high and Xi: is active low, and 
this is done at the top righthand of the 
form under ‘Polarity’. 

Finally, the OR array has to be arranged 
— see Fig. 8. Output Xo is true (active) 
if one of the terms Po, Pi, or P2 is true. 
This is shown by the letters ‘A’ in the ex- 
treme righthand column. A dot in this 
column indicates ‘‘don’t care’’ (P3 and 
Ps do not appear in the sum of Po). 
A similar arrangement is made for Xi in 
the last but one righthand column. 
The table is now complete and the results 
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Fig. 5. This handy form facilitates the conversion of functions into 
programming instructions. 
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Fig. 4. The results of a programming instruction are clearly visible Fig. 6. First, the conditions for the AND array are entered, and then 
here: after programming, the fusible link (indicated by a bold dot) has those of the OR array. A dash indicates ‘‘don’t care’’. 
disappeared. 
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Fig. 7. After the AND array has been laid down, the polarity of the 
ssoisg-15| Outputs is entered. The outputs may be active low or active high as the 
application demands, 


Xo = Po + Py + Po can be written into the FPLA with the 
Xi = Py + Py + Py aid of a suitable programmer. During 
the writing, the programmer will request 
the data in the table step by step. 


References: 
Fig. 8. Finally, the OR array is laid down. In the relevant columns is 1.1/0 Extension Card for IBM PCs and 
indicated with which products the outputs can be made active. The Compatibles, Elektor Electronics, June 
output level is always determined by one or more products. 1988, p. 30, and July/August 1988, p. 50. 
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MACROVISION 
DECODER/BLANKER 


First used by CBS-Fox on PAL VHS tapes of the action movie 
Crocodile Dundee, the MacroVision encryption system is gradually 
being introduced by film and video rental companies to prevent 
customers making copies of prerecorded video tapes. 

This article describes the basic operation of the MacroVision 
system, and proposes a circuit that negates the copy protection 


Invisible lines 


In the PAL system, a television picture is 
transmitted (and recorded) as 625 in- 
terlaced lines. Actually, the picture, or 
frame, is transmitted as two rasters of 
312.5 lines, at a speed of 25 per second 
(50 rasters per second: the field fre- 
quency is 50 Hz). Not all lines are, how- 
ever, visible on the screen. The vertical 
blanking interval (VBI) comprises the 
vertical (raster) synchronization pulse, 
and about 17 blank lines, which produce 
a black bar at the top of the screen when 
the picture is shifted downwards with the 
vertical picture position control. Most 
TV stations, however, use the 17 lines in 
the VBI for broadcasting Teletext and/or 
timing signals for VCRs. On many video 
tapes, the blanking interval is used for 
storing coded product registration data 
and title labels, which can be read back 
with the aid of special, proprietary, 
equipment. Not surprisingly, the 
MacroVision system also makes use of 
the available lines in the VBI. 


VIDEO IN 


VIDEO OUT 


VIDEO out 


signal. 


Upsetting the AGC 

On the latest releases of MacroVision en- 
coded video tapes, the contents of lines 
5 up to and including 14 following the 
raster syne pulse contain pulses that in- 
tended are to upset the operation of the 
VCR’s recording circuits. This is 
achieved as outlined below. 

The amplitude of the colour CVBS 
{composite video blanking synchronis- 
ation) signal provided by VCRs is stan- 
dardized at 1 V»p at a load impedance 
of 75 Q. The highest and lowest instan- 
taneous amplitude of the output signal 
corresponds to maximum __ intensity 
(white) and minimum intensity (bottom 
of syne pulse) respectively. The black 
level is usually slightly higher than the 
top of the syne pulse at an amplitude of 
0.3 Vz 

Virtually all VCRs have a built-in auto- 
matic gain control circuit (AGC) at the 
input to optimize the signal-to-noise 
ratio by making sure that the recording 
amplifier is driven with the standard 


A prototype of the MacroVision decoder/blanker housed in an ABS enclosure. 


signal amplitude. Most of these AGC 
circuits are capable of correcting input 
amplitudes between 0.5 Von and 2 Vp», 
and it is precisely this characteristic that 
is ‘exploited’ by the MacroVision system, 
Figures la, lb and Ic show a number of 
picture lines with different contents. 
Fig. la is the reference, showing the well- 
known staircase test signal. The line 
starts with the line synchronisation 
pulse, followed by the so-called rear 
porch, which serves as the black refer- 
ence (in a colour signal, it also carries 
the colour burst). Then follows the 
actual picture contents, represented here 
as the staircase (compare this to Fig. 1b, 
which shows a blank line). The MacroVi- 
sion signal is shown in Fig. Ic. It is com- 
posed of 5 black-to-white transitions at 
a frequency of about 48 kHz, with 
‘black’ going lower than the reference 
level, and reaching down to the bottom 
of the syne pulse, while ‘white’ has 
about two times the amplitude of the 
standard white level. [t will be clear that 
almost any AGC will fail to correct the 
amplitude of such a signal, whose in- 
terfering effect is further boosted by 
variation of the maximum white level. 


The AGC circuits in most VCRs use the 
sync pulse as the reference for setting the 
amplitude of the video signal. The rear 
porch level is measured with respect to 
the bottom of the syne pulse, and set to 
about 0.3 V. In the lines affected by a 
MacroVision anti-copy burst, the lowest 
level of the signal equals that of the syne 
bottom, causing the recording VCR to 
mistake these levels for syne pulses. This, 
in turn, causes the AGC to set the input 
amplifier gain on the basis of the next 
black level, which is not a black level at 
all, but a maximum white level. The 
AGC can not but reduce the signal am- 
plitude to such an extent that the picture 
becomes dark, and difficult to synchron- 
ise properly. The ultra-white level of the 
MacroVision may also wreak havoc with 
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Fig. 1. Staircase test signal (1a), blanked line (1b) and MacroVision interference signal (le). 


Fig. 2. Double-trace oscillogram showing a line with MacroVision interference (upper trace), 
and a normal, empty line in the blanking interval (lower trace). 
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the AGC’s overdrive protection, reduc- 
ing the signal amplitude even further. 


Not always effective? 

The degree of interference caused by the 
MacroVision anti-copy burst in the VBI 
varies from VCR to VCR. In addition to 
this fact, it is noteworthy that the burst 
appears to atfect VCR input circuits 
only, not those of most TV sets. 

It will be clear from the above discussion 
that the effect of the interference caused 
by the MacroVision bursts depends 
mainly on the dynamic behaviour of the 
AGC circuit in the VCR. This behaviour, 
in turn, is defined by the regulation time 
constants of the circuit. Some VCRs 
have a ‘fast-acting’ AGC, others a rela- 
tively ‘slow’ circuit. The latter types are 
largely insensitive to the pulses in the 
VBI, and can be used for copying tapes 
even if these are Ma :roVision-protected. 
Modern TV sets generally do not suffer 
from instability caused by MacroVision- 
coded signals because the operation of 
the internal, PLL-controlled, line syne 
generator is usually not affected by the 
interfering pulses — hence, the reference 
black level is correctly deduced from the 
input signal. Also, there is no input over- 
drive protection circuit that controls the 
AGC — signal levels exceeding maxi- 
mum white are simply clipped. 


MacroVision decoder/blanker 


The task of the decoder/blanker is to 
recognize the MacroVision anti-copy 
burst in 10 successive lines in the VBI, 
and replace it with a blank (black) level, 
hence the name decoder/blanker. Rela- 
tively simple to formulate, this task is 
not at all simple to carry out in practice. 
The circuit proposed here is fairly com- 
plex because it was purposely designed 
around discrete, commonly available, 
components rather than (expensive) 
special ICs. 

The operation of the decoder/blanker is 
explained with reference to the block 
diagram of Fig.3 and the circuit 
diagram of Fig. 4. At the input of the 
circuit, T; and T2 form a buffer with an 
amplification of 2. The signal is then 
clamped by D:, so that comparator [C2 
(a BiMos opamp Type CA3130) can 
filter out the line (H) and raster (V) 
synchronisation pulses. The line pulses 
control ESs after being filtered in Cs-L2- 
Ts. Similarly, the raster pulses reach To 
after passing through an L-C low-pass 
filter. The raster pulses at the start of the 
blanking interval serve to define the time 
slot available for ‘capturing’ the 
MacroVision signal. The positive edge of 
the raster pulse triggers monostable 
MMVI, which introduces a delay of 
300 ys to time the fourth line, at which 
the interference starts (see Fig. 5). After 
the delay has lapsed, MMV> is trig- 
gered. Its output controls electronic 
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e rae switches ES:, ES: and ES:. During the 

DE CH “| MacroVision burst, ES: breaks the 

: ae video signal, while ES: feeds the black 

= cues Lp Ot Oss of level obtained with potential divider R:- 

ve aie t , “7G Rs to output buffer Ts-Tu. The line 


| 
\ el kee er oS eee : 
bey ss | yes synchronisation pulses required during 
[ i, the blank lines are provided by Ts via 


{C4 ESa pulling the gate of Ti to ground. 
ce eens MMV> is dimensioned for a monotime 
+] of 589 us, covering the duration of 9 of 

the 10 Macrovision lines. After having 
filled these with a continuous black 
level, ES: again passes the normal video 
signal, until the decoder is re-triggered. 
Note that it is not possible to blank out 
exactly 640 us (10 lines), because this 
would give rise to colour purity errors 
near the top edge of the picture. In some 
ii cases, the MacroVision system also af- 
fects the colour burst. 
——' The status indication LEDs of the 
decoder/blanker obviate the need for an 
oscilloscope for a quick check whether 
or nol a particular tape is MacroVision- 
coded. When a correct video signal is 
applied to the decoder/blanker, the 
LEDs for horizontal and vertical sync 
will light steadily, while LED prorECTED 
TAPE flickers when the MacroVision 
signal is recognized. 
The output buffer of the 
decoder/blanker can drive two 75 Q 
loads. The input amplifier of the circuit 
should be driven from a 75 Q source at 
an amplitude of | Vpp (an external pre- 
amplifier or attenuator may be required 
to ensure this level). 


BEG TUG R= we 


Fig. 3. Block diagram of the MacroVision decoder/blanker. 


ES1---ES4 =IC1 = 74HCT4066 
MMV 1, MMV2 = [C3 = 45388 


No alignment required 


The construction of the MacroVision 
decoder/blanker on the printed circuit 
board shown in Fig. 6 is straightforward 
and requires no further discussion other 
yellow than that it is important not to overlook 
R24 Dé the six wire links. 
- No alignment should be required when 
aaig the relevant 1% resistors and close- 
u tolerance polystyrene capacitors are used 
“ = [3 BS170 as stated in the parts list. The monotime 
v0 of MMV: and that of MMV2 are pur- 
poscly made slighty longer and shorter 
respectively to compensate tolerances. 
Fig. 4. The low-cost MacroVision decoder/blanker has no adjustment points, and is con- © When the capacitors and resistors in the 
structed entirely with discrete components. delay circuits have a tolerance greater 
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Fig. 5. About 300 ys atter the vertical synchronisation pulse, the decoder circuit uses a time 
slot of 585 is to replace the interfering pulses in 9 of the 10 MacroVision lines with a steady 


black level. 


than 5%, some MacroVision interference 
may get through to the recording VCR 
because ES? either shuts down too late, 
or passes the video signal too early. In 
this case, Ra» and Ru may be made ad- 
justable (use 10-turn presets) to enable 


accurate adjustment of the delay times. 
It is possible to use a 74HC4066 instead 
of the 74HCT4066 in position ICi. A 
LOCMOS type HEF4066 should also 
work, but this was not tested in practice. 
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Fig. 6. Track layout and component overlay of the printed circuit board for building the 


MacroVision decoder/blanker. 
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Parts list 


Resistors {+ 5% unless otherwise stated): 


Ri=82R 

Ras 1K2 

R3=1K8 
Ra;Rs;R22;R24;Rae= 120R 
Re =220R 

R7=4K7 

Re=470R 

Re=47K 

R10 330R 

Ri1=27R 
Ri2;R13=68R 

Ri4= 10K 

Ris5=100R 

Ris. . .R20 incl, =1K5 
R21;R23;R25 =4M7 
R26= 18K 

R27=27K 

R29;R30= 15K1 1% 
Ra1=161K 1% 


Capacitors: 

C1;Cis=10n; 16 V 

C2=22p 

C3=220n 

Ca=220u; 10 V 

C5=68n 

C6;C10:C11 = 33n 

C7;C9=2n2 

Ce=47n 

Ciz=1p0; 16 V 

C13=10n 5% or better (polystyrene/styrotlex)” 
C14=3n9 5% or better (polystyrene/styroflex}’ 
C16=1000pu; 25 V 

C17=100n 

C18=680n 


* Siemens series B31063 (3n9: + 2.5%; 10n: 
+ 5%}. Available from various suppliers, in- 
cluding ElectroValue Limited @ 28 St Judes 
Road @ Englefield Green @ Egham @ Surrey 
TW20 OHB. Telephone: (0784) 33603. Telex: 
264475. Northern branch: 680 Burnage Lane 
® Manchester M19 1NA. Telephone: (061 
432) 4945. 


Semiconductors: 

Di;D2;D3=AA119 

D4 1N4148 

Ds= green LED 

De= yellow or amber LED 

D7 red LED 

Ti =BF494 

T2=BF451 (listed by Cricklewood Electronics) 

13 = BF256B 

T4=B8D139 Ts;Té =BC559C 

T7;Te=BS170 (listed by Cricklewood Elec- 
tronics) 

Ts=BC549C 

Tio=BC516 

1C1=74HCT4066 or 74HC4066 

IC2=CA3130 

IC3=4538B 

IC4=7805 


inductors: 

Li= 390uH axial choke 

L2= 1mHB5 radial inductor, e.g. Toko Type 
1B1LY-152 iCirkit stock no. 34-15202}. 

L3;L4= 10mH radial inductor, e.g. Toko Type 
181LY-103 {Cirkit stock no. 34-10302}, 


Miscellaneous: 
PCB Type 880136 (not available ready-made 
through the Readers Services). 
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TEST & MEASURING EQUIPMENT 


Part 10: Signal Generators (4) 


Crotech 2016 AF Signal Gen- 
erator 


The recently introduced Type 2016 audio 
signal generator is an addition to 
Crotech’s range of audio test equipment 
that already includes the Type 2017 
Audio Tune Distortion Analyser and 
Level Meter, the Type 2018 AF Power 
Meter, and the Type 1119 Universal 
Counter Timer. 

The 2016 offers distortion levels not ex- 
ceeding 0.05 % over the range 500 kHz 
to 20 kHz, increasing to 1% at 1 MHz. 
Two unusual features of the instrument 
are its RMS output meter and the burst 
facility. 

The 2016 comes complete with an 
operating manual and mains lead. Its 
retail price is £ 180,00 excl. VAT, 

The 2016 is housed in a slightly un- 
conventional enclosure that makes stack- 
ing with other units of the same design 
easy. The unit measures 210132 
194 mm (WxHxD). A two-piece, one- 
position stand is fitted as standard. 
Front panel layout is fully colour-coded, 
which makes selection of frequency 
range, burst or attenuation functions an 
easy task. 

As is usual, a logarithmic scale is used to 
select. the output frequency: — the 
multiplying coefficient is selected from 
one of six decade-incremented ranges. 
The frequency range extends from 1Hz 
to | MHz which is rather lower than 
most other function generators provide. 
None the less, it should prove more than 
adequate for most audio test appli- 
cations. An important factor to bear in 
mind here is that the 2016 distortion 
figures are about 10 times better than 
those of most corresponding function 
generators. 

Scale accuracy is average, but noticeably 
worse with the lower multiplying coeffi- 
cients; none the less, it stays within the 
stated 3%. With higher multiplying 
coefficients, pretty accurate operation is 
provided over most frequency ranges 
without the use of a digital frequency 
counter. 

Owing to the nature of the design, a 
period of 3 to 5 minutes must be allowed 
before the instrument operates within its 


by Julian Nolan 


specified distortion figures. During this 
period, clipping of the sine wave output 
is clearly visible. 

Burst mode. This rarely provided func- 
tion is indispensable for the evaluation 
and testing of loudspeaker systems. It is, 
of course, also useful in a host of other 
audio applications, such as amplifier 
burst response testing. 

Three burst ranges are available: 4 cycles 
on, 4 cycles off; 4 cycles on, 12 cycles off; 
8 cycles on, 8 cycles off. In this mode, 
which is usable up to output frequencies 
of about 25 kHz, there is a slight re- 
duction in output amplitude. Above 
25 kHz, sine wave breakthrough is ap- 
parent during the cycles ‘off’ period. 
Variable symmetry or DC offset func- 
tions are not provided. Although this is 
of little consequence in general audio 
testing, it should be taken into account if 
the 2016 is bought for use in digital ap- 
plications. 

General wave-form shape may be selec- 
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Table 13 


Frequency range: 1 Hz to 1 MHz in 6 decade 
ranges, 

Frequency accuracy: within 3% of dial 
markings. 

Distortion (sine wave): 0.05% (500 Hz to 
20 kHz); 0.1% {700 Hz to 100 kHz}; 0.5% 
(50 Hz to 500 kHz); 1% (10 Hz to 1 MHz). 

Output voltage (sine wave and square wave): 
3 V r.m.s. into 600 Q 

Burst signal gating: 4 cycles on, 4 cycles off; 
4 cycles on, 12 cycles off; 8 cycles on, 

8 cycles off; sine wave breakthrough below 
2% at 20 kHz 

Output impedance: 600 2 +3 %, unbalanced 
and floating. 

Switched attenuation: ~ 10 dB; — 20 dB; 
~40 dB in any combination. 

Output meter: voltage range 0-1 and 0-3 V 
r.m.s; decibel range —10 to +2 dB; accuracy 
+5% of f.s.d. 

Power supply: 220/240 VAC at 12 VA. 

Dimensions: 210 x 132 x 194 mm. 

Weight: 6 kg. 

RRP £ 180, excl. VAT 


Table 14 


Unsatis- 
factory 


Excellent 


Dial accuracy 

Dial resolution 
External sweep range 
Distortion 

Frequency range 
Output lieve! range 
Internal construction 
External construction 
Overall specification 
Ease of use 

Manual 


ted from sine or square wave. Distortion 
on sine wave is very good: in practice, 
typically 0.05% may be expected over 
the range 190Hz to 40 kHz, which is 
more than sufficient for audio testing 
and evaluation. 

Output level flatness is also good: within 
0.3 dB to 900 kHz and below —0.8 dB 
at | MHz. 

Output rise time in square wave oper- 
ation is not outstanding. The square 
wave output at | MHz is very 
reasonable, though, but above 1 MHz 
(the specified maximum output fre- 
quency) a significant drop in output am- 
plitude occurs. 

Output level fluctuations are also pres- 
ent momentarily when the multiplying 
coefficient control is adjusted. However, 


these obviously do not affect normal op- 
eration. 

Comprehensive attenuation facilities are 
provided: switched ranges of —10 dB, 
—20 dB, and —40 dB, as well as a con- 
tinuously variable control. Unusually, 
the switched ranges may be added to one 
another, giving a total switched attenu- 
ation facility of —70 dB. Overall, at- 
tenuation performance is good with 
above average low-level performance. 
An RMS-reading output meter is also 
provided. This has a f.s.d. of 1 V or 3 V. 
Accuracy is + 5%o of f.s.d. over the full 
output frequency range: this enables the 
meter to be used instead of an oscillo- 
scope for accurate setting of output 
amplitudes. 

The manual provided with the instru- 
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ment contains a brief description and 
outline operating information. A circuit 
diagram and component list are also in- 
cluded, but no servicing or calibration 
information. 


Construction. The instrument’s internal 
construction is based on three PCBs, re- 
spectively housing the power supply, 
output meter, and main generator. 

Low heat generation is a feature of the 
construction and this should add to the 
general reliability. 

The overall construction is of a generally 
high standard. All interconnecting wires 
are neatly bundled. The PCBs are 
screen-printed with component identifi- 
cation numbers and are all easily access- 
ible, which is an aid to servicing. 
External construction is based on a 
metal enclosure which is sufficiently rug- 
ged for most environmental operating 
conditions. 


Conclusion. At the RRP of £ 180, excl. 
VAT, the 2016 represents a good value for 
money: the nearest instrument with a 
similar specification, including a burst 
mode and output meter, costs £ 385. 
Both the performance and construction 
of the 2016 are of a relatively high stan- 
dard. The burst mode and output meter, 
coupled with the comprehensive attenu- 
ation facilities, should make the instru- 
ment worth very careful consideration. 
From a negative point of view, it is a pity 
that the 2016 does not provide triangle 
wave output and some kind of DC off- 
set. These criticisms are, however, only 
relevant if the 2016 is to be used as a 
function generator: they are unimpor- 
tant in pure audio applications. 


The Crotech 2016 was supplied by 
Crotech Instruments Ltd e 2 Stephen- 
son Road e St. Ives e@ HUN- 
TINGDON PEI7 4WJ e Telephone 
(0480) 301818. 


Other AF test equipment in 
the Cortech range. 


2017 — Auto Tune Distortion Analyser 
& Level Meter. Distortion measurement 
from 0.3% to 100% f.s.d. in 6 ranges. 
Second harmonic accuracy >-—2 dB 
from 30 Hz to 100 kHz; >-—3 dB from 
100 kHz to 300 kHz. Automatic nulling 
range: manual null tuned to <3% of set 
level. Level measurement range: 1 mV to 
300 V in 12 ranges. Accuracy + 5% to 
3 MHz. RRP £ 599, excl. VAT. 


2018 — AF Output Meter. Ranges: 
5 mW to 150 W f.s.d. Accuracy + 3% 
of f.s.d. (20 Hz to 20 kHz). RRP £ 220, 
excl. VAT. 
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TRANSISTOR CURVE TRACER 


There exist many ways of testing transistors, but each of these has 
its limitations because only one parameter is tested at a time. The 
curve tracer presented here tests all major characteristics in one 
go by displaying a number of curves on an oscilloscope screen. 
One limitation of the tracer should be mentioned right from the 
start, however: in the version discussed here, it can only test n-p-n 


Background to transistor 
testing 


A simple o.k./faulty test of a transistor 
can be carried out by considering the 
device as consisting of two anti-series 
connected diodes (Fig. 1). This test, 
which can be carried out with the aid of 
an ohmmeter, is fine for an initial check, 
but fails to provide information on one 
of the most importani — transistor 
characteristics: the static forward current 
transfer ratio, herr, also referred to as 
the current amplification. 

Most bipolar transistors have 3. ter- 
minals: base (B), emitter (E) and collec- 
tor (C). For the description of their elec- 
trical characteristics, however,  tran- 
sistors are often treated as four-pole cir- 
cuits. This is so because one terminal, 
usually the emitter, is common to the in- 
put and the output (Fig. 2; common 
emitter circuit). The four-pole circuit of 
Fig. 2 thus has 2 inputs, base and emit- 
ter, and two outputs, collector and emit- 
ter. Electrically, there are four important 
parameters to consider: base input cur- 
rent (In), input voltage (User), output 
collector current (Ic), and output 
voltage (Vcr). 

Without going into the actual, quite 
complex, operation of the transistor, it is 
safe to say that this should convert a 
base current into a more or less propor- 
tionally larger collector current. The 
conversion ratio is the previously men- 
tioned static characteristic hre, some- 
times also written as a’, 


transistors. 


Figure 3a shows that the collector cur- 
rent is hre times greater than the base 
current. The base input voltage is largely 
constant at 0.6 to 0.7 V (this is the for- 
ward drop across the base-emitter di- 
ode), while the output voltage is deter- 
mined by the way the collector is connec- 
ted. The collector may be connected 
direct to the positive supply rail, making 
the collector current independent of the 
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supply voltage level, because it is con- 
trolled solely by the base current. The 
circuit thus obtained is called a current 
Source. 

Output voltage rather than output cur- 
rent is obtained by inserting a series re- 
sistor in the collector line as shown in 
Fig. 3b. This resistor of value R 
translates the collector current into a col- 
lector voltage, and the circuit thus forms 
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kig. 1. The simplest way of testing transistors is the ohm-meter check, which is based on the fact that a transistor is essentially formed by 


(wo anti-series connected diodes. 
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Fig. 2. Transistor as a four-pole circuit. The 
emitter is common to input (left) and output 
(right). 
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Fig. 3. Basic transistor circuits. Fig. 3a: 
current-to-current amplifier (In-to-Ic). 
Fig. 3b: current-to-voltage amplifier (collec- 
tor current is translated in a voltage by a re- 
sistor). Fig. 3c: vollage-to-voltage amplifier 
(input voltage is first converted into a base 
current by a resistor). 


an amplificr which converts input cur- 
rent Is into output voltage IcR. Since 
the voltage on the collector is measured 
with respect to the emitter, it decreases 
with increasing base current, so that the 
transistor works as an inverting ampli- 
fier. 

It is also possible to configure the tran- 
sistor as a voltage-to-voltage amplifier 
(Fig.3 c). It is not possible to apply any 
voltage higher than about 0.7 V direct to 
the base, because this would cause ex- 
cessive base-emitter current which is 
likely to cause destruction of the transis- 
tor. To prevent this, a resistor is fitted in 
series with the base, to convert the input 
voltage into base current, which, in turn, 
results in collector current or voltage as 
discussed above. The input voltage is 
actually lowered by the fixed  base- 
emitter drop of about 0.6 V. This drop is 
usually compensated by biasing tech- 
niques, which will not be discussed here. 


Transistor characteristics 


Although many manufacturers provide 
transistor characteristics in the form of 
reference tables, it may be more con- 
venient to deduce the exact behaviour of 
a particular type from plotted curves. Of 
these, the so-called output characteristic 
is by far the most important. As an 
example, Fig. 4 shows the output charac- 
teristic of the well-known BC107. The 
curves show the collector current as a 
function of the collector-emitter voltage, 
with base current as a parameter. An 
ideal transistor would produce straight 
lines — collector current is constant, 
since its magnitude is governed by the 
base current only, not by the collector- 
emitter voltage. The curves show that 
this is not so in practice. The so-called 
early effect becomes manifest at rela- 
tively high values of the collector cur- 
rent, causing the transistor to behave un- 
like an ideal current source. 

Figure 4 can also be used to deduce the 
current amplification factor. The 50 pA 
curve gives an average collector current 
of 12.5 mA, so that) Whe=Ic/[b= 
12.5/0.05 =250. 


Block diagram 


The transistor curve tracer is capable of 
showing the previously discussed output 
characteristic on an oscilloscope screen. 
The curves displayed are of great value 
for a quick o.k./faulty test, but also for 
determining the approximate current 
amplification of unmarked transistors, 
which are often offered in surplus stores 
and at rallies at a fraction of the cost of 
marked and tested devices. Another in- 
teresting application of the curve tracer 
is the finding of closely matched types in 
a batch of transistors. 

With reference to the block diagram of 
Fig. 5, a sawtooth generator drives an 
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Fig. 4. Output characteristic of the Type 
BC107 transistor. 


amplifier that provides the collector- 
emitter voltage, which swings between 0 
and 10 V. The In control block ensures 
that the base current for the transistor 
under test is increased in steps of 25 pA. 
The completely automatic test procedure 
is cyclic and comprises the following op- 
erations: 
1. the base current is set, starting at 
0 uA; 
2. the sawtooth generator 
raises the collector voltage; 
3. when the maximum value of Uct is 
reached, the sawtooth generator is 
reset, and the base current is increased 
by 25 yA; 
4. steps 2 and 3 are repeated. 
After 8 test cycles, the base current is set 
to nought again, and the procedure is 
restarted. 


gradually 


The oscilloscope should really measure 
both the collector-emitter voltage and 
the collector current. A different ap- 
praoch is required, however, for both 
measurements, The deviations caused by 
the approach adopted are acceptable, as 
will be shown below. 

In practice, the emitter current is 
measured instead of the collector cur- 
rent, as the drop across current sensing 
resistor Ri, The emitter current is 
slightly higher than the collector current 
because it is the sum of the collector cur- 
rent and the base current. Fortunately, 
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Fig. 5. Block diagram 
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the measuring error thus introduced is 
smaller than 1%, because the base cur- 
rent is small relative to the collector cur- 
rent. 

A small measurement error is also in- 
troduced in the recording of the 
collector-emitter voltage because the 
drop across Ri is included. This resistor 
has a value of only | @, however, so that 
the error amounts to only 0.1 V at the 
maximum collector-emitter voltage of 
10 V. 

There are two reasons for not measuring 
the ‘real’ collector current and collector- 
emitter voltage. Firstly, the non-standard 
arrangement allows the ground reference 
for the recording instrument (i.e., the 
scope) to be the same as that for the cir- 
cuit. Secondly, inversion of the curves on 
the display is avoided (there are sull 
many oscilloscopes around that lack an 
invert function on each input). 

The sawtooth generator operates at such 
a speed as to produce apparently non- 
moving curves on the scope screen (sec 
Fig. 9). 


Practical circuit 


The circuit diagram of the transistor 
curve tracer is given in Fig. 6. The rising 
slope of the sawtooth voltage is provided 
by current source Ti-R3-Rs-Di and a ca- 
pacitor. Di keeps the base voltage of Ti 
fixed at 12 V. The emitter is, therefore at 
12.7 V, resulting in a collector current of 
aboul 5 mA at the given value of Ra. 
This current charges Ci and results on a 
linearly increasing voltage on the capaci- 
tor. T> and Ts monitor the instan- 
taneous output voltage of the sawtooth 
generator. T; conducts via Rs, and T> is 
kept off, until the maximum value is 
reached. When this happens at 
12—Untern=11.3 V, Ts is turned off. T> 
can then conduct via Rs because the 
collector of Ts is pulled to the ground 
potential by Ro. The collector voltage of 
T: rises rapidly to practically 12 V, and 
causes Ts to conduct via R». Ts in turn 
rapidly discharges Ci, forming the fall- 
ing slope of the sawtooth voltage. C2 
prevents Ts conducting before Ci is 
completely discharged. When T> starts 
to conduct, C2: supplies a positive 
voltage pulse to the base of Ts, causing 
this to remain off until C: is completely 
discharged. Ts is configured as an emit- 
ter follower to ensure that the sawtooth 
generator can supply enough current to 
the transistor under test. 

Counter [Ci sets the base current via its 
binary outputs that function as current 
sources together with Rio to Riu. The 
current is increased by 25 pA when the 
sawtooth generator is reset, and IC: is 
clocked. Since three counter outputs are 
used, the current increases in 8 (23) 
steps from 0 vA to 175 pA. 

The circuit is fed from a regulated 15 V 
supply to ensure a stable display. 


DS...D8 = 1N4001 
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Fig. 6. Circuit diagram 


Parts list 


Resistors (+ 5%): 

R1i= TRO 

R2=33R 

R3=470R 

R4= 1KO 

Rs = 100K 

Re;R7 = 10K 
Re;R9 = 22K 

Rio... .R14 incl. = 220K 


Capacitors: 
C1+=470n 
C2=2n2 


C3=100n 
C4=10u; 16 V 
Ce=220u; 25 V 
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Semiconductors: 

Di= zener diode 12 V; 400 mW 
D2;D3;D4 = 1N4148 

Ds.. .De incl. = 1N4001 
IC1=4024 

IC2=7815 

T1;72;T3=BC557B 
T4;T5=BC547B 


Miscellaneous: 
PCB Type 886087 (see Readers Services page}. 


Fig. 7. The printed circuit board 
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Prototype of the populated board. Note that the ready-made board supplied through the 
Readers Services has a solder mask at the track side, and a printed, silk-screen, component 


overlay at the component side. 


Fig. 8. Typical oscilloscope setting for oper- 
ation with the curve tracer. 1) X-Y button 
pressed. 2) Internal timebase off. 3) Trigger 
circuits disabled. 4) Y input that receives the 
converted collector current via a L:1 probe. 
5) Input’ attenuator set to 10 mV/div. 
6) Second Y input of the scope used as X in- 
put here. 7) X sensitivity set to 1 Wdiv. 
8) Zero reference point of the graph is shifted 
to left-hand bottom corner of display. 


5 
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Fig. 9. Some curves obtained with frequently used transistors. From the left to the right: BC547A, BC547B, BC550, BCS50C. 


Construction and connection 
to the oscilloscope 


Construction of the transistor curve 
tracer is downright simple on the printed 
circuit board shown in Fig. 7. Use a 14- 
way socket for ICi, and mind the 
polarization of electrolytic capacitor Cs. 
The voltage regulator, [C2, should not 
require a heat-sink. Connect the AC in- 
puts of the completed board to the 15 V 
secondary of a small (4.5 VA) mains 
transformer. The n-p-n transistor under 
test (TUT) is connected to the tester by 
means of short, insulated and coloured 
test wires terminated in small crocodile 
clips. 

The oscilloscope should be set to operate 
in X-Y mode, in which the built-in 
timebase is disabled. Connect output x 
of the tester to the terminal labelled x- 
EXT or HOR. On the oscilloscope (on 


some double-trace oscilloscopes, one of 
the Y inputs can be set to function as X 
input). Use a 1:1 probe to connect 
ground and output y of the tester to the 
corresponding input(s) of the scope. 
Since the current sensing resistor has a 
value of 1 2, 1 mA of collector current 
corresponds to | mV, In most cases, the 
results obtained with the curve tracer are 
optimum when the scope sensitivity is 
set to 10 mV per division. Figure 8 shows 
a typical oscilloscope setting. 


Results 


Figure 9 shows 4 oscilloscope photo- 
graphs taken with commonly used tran- 
sistor types connected to the curve 
tracer. The rate of rise of the left part of 
the curves shows the different static 
characteristics of the transistors. Figure 
9a applies to a Type BC5S47A, Fig. 9b to 


a Type BC547B. The latter type clearly 
has a higher current amplification (as in- 
dicated by the suffix in the type num- 
ber). The curves in Fig. 9c belong to a 
BCS550B. The current amplification of 
this transistor is about equal to that of 
the BC547B, but the larger part of each 
curve runs almost horizontal. The 
BCSSOB, therefore, comes closer to the 
ideal transistor than the BC547A or B, 
and will cause less distortion in an 
amplifier circuit. The last photograph, 
Fig. 9d, shows the behaviour of the Type 
BCS550C, which has such high current 
amplification that some of the curves 
run off the screen. When transistors with 
a very high value of hre are tested, it 
may be necessary to fit a small switch in 
series with Ds. When the switch is open- 
ed, the maximum base current is 75 
rather than 175 vA, and the scope dis- 
plays only four curves. K 
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US expansion for STC 

STC, the UK communications and infor- 
mation systems group, is to build an £18 
million plant at Portland, Oregon, to 
manufacture optical fibre cable. This 
represents a major step in STC’s plans to 
capture a large slice of the North 
American market for underwater tele- 
communications systems. 

STC Submarine Systems’ current order 
book stands at well over £300 million 
and includes a link between Barcelona 
and Majorca; another between the UK 
and Denmark; a segment of TAT-8, the 
first transatlantic fibre optic link; and 
the 7,500-km PTAT-1 system from the 
UK to the USA with spurs to Bermuda 
and Eire. 

STC @ Bridge House e Putney Bridge 
e LONDON SW6 3JX e Telephone 0I- 
788 7272. 


Largest ever broadcasting 
contract for GEC 


Marconi Communication Systems, a 
company within the GEC Group, has 
won the largest ever contract for high 
power broadcasting transmitters. The 
contract, from the US Information 
Agency, is the first phase of the modern- 
ization programme of the Voice of 
America. It was won against compe- 
tition from Varian Continental (USA); 
AEG of Federal Germany; Thomson- 
CSF of France; and Brown-Boveri of 
Switzerland. 

Marconi Communication Systems e 
Marconi House e@ New Street @ 
CHELMSFORD CMI IPL e_ Tele- 
phone (0245) 353221. 


INMARSAT communications 
anywhere in 15 minutes 

The ’Satpax’, a lightweight INMARSAT 
satellite communications system from 
Marconi International Marine, allows 
communication via the INMARSAT sat- 
ellite system to the international tele- 
phone and telex network. Consisting of 
a communication unit and an antenna 
unit, it can be set up anywhere in the 
world by one person with minimal train- 


ing and be operational within 15 
minutes. 

A 16,000-character store is provided for 
confidential messages that can only be 
accessed with a password. Other features 
are abbreviated dialling, a self-test sys- 
tem, authorized user key, a remote tele- 
phone facility, IBM PC compatibility, 
and ports for optional extras, which in- 
clude second-identity facilities, encryp- 
tion, facsimile, PABX/FAX/ Data inter- 
face, VHF interface, Laptop PC with in- 
tegrated software, and ruggedized air- 
drop cases. 

Marconi International Marine @ Elettra 
House @ Westway e CHELMSFORD 
CMI S5SBH e Telephone (0245) 261701. 


Fibre optics wavelength 
division multiplexer 

The wavelength division multiplexer— 
WDM—from Sifam doubles the signal- 
carrying capacity of an existing fibre op- 
tics cable. It allows light at two different 
wavelengths to be combined on to a 
single optical fibre or to be separated as 
it leaves the fibre. It is a fused-fibre 
coupler that has a split ratio of 100% at 
a wavelength of 1300 nm and 0% at 
1550 nm, and achieves a degree of iso- 
lation better than 20 dB between the two 
signals, 

Details from Sifam Ltd e Woodland 
Road @e TORQUAY TQ2 TAY e Tele- 
phone (0803) 63822. 


Second-generation DBS 


EUTELSAT, the European Telecom- 
munications Satellite Organization, has 
completed technical and economic 
studies for EUROPESAT, a multi- 
national Direct Broadcasting Satellite 
project for Europe. 

EUROPESAT is planned to be an ad- 
vanced, multi-natonal second- 
generation DBS system to be in place 
when Europe’s first-generation national 
DBS projects reach the end of their life 
in the mid-1990s. The project currently 
proposes overall coverage of 
EUTELSAT member countries with two 
co-located satellites, each carrying up to 
14 channels. Each satellite will have a 
number of overlapping downlink beams 
to cater for regional and _ linguistic 
markets. An EIRP of 55 dBW would be 
available at the edge of coverage of each 
beam, corresponding to a TWTA output 
power 120-125 watts. 

EUTELSAT e ‘Tour Maine-Montpar- 
nasse 33 @ Avenue du Maine e 75755 
PARIS Cedex 15 @ Telephone (1) 45 38 
47 57 (ask for Vanessa O’Connor). 


INMARSAT earth station in 
Federal Germany 
The Deutsche Bundespost 


has an- 


nounced plans for an earth station in the 
Federal Republic of Germany to operate 
with the INMARSAT mobile satellite 
communications system. The station will 
probably be located at Raisting near 
Munich and will operate to the INMAR- 
SAT Atlantic Region satellite. 

Bids for the station are now being 
sought. The Bundespost intends to place 
a contract before the end of this year and 
the station is expected to be operational 
by the beginning of 1990. 

INMARSAT e 40 Melton Street e 
LONDON NWI 2EQ e Telephone 01- 
387 9089. 


Smallest world-band receiver 
from Sony 

Sony has introduced a tiny receiver with 
most of the facilities of the paperback- 
sized ICF 7600D in an compact audio 
cassette sized package. 

The receiver, type-coded [CF-SWIS, is 
available at an RRP of about £ 250 ina 
convenient briefcase-styled carrying case 
(see picture). 

Sony (UK) Ltd e Sony House e South 
Street @ STAINES TW18 4PF e@ Tele- 
phone (0784) 67000. 


Marconi earth stations in 
service 


Two satellite earth stations designed and 
built by Marconi Communication 
Systems are now in service with Mercury 
Communications. They are located at 
Whitehill, near Oxford, and provide 
Mercury with improved telecommuni- 
cations links with the financial centres 
of the world. 
These stations are part of Mercury’s pro- 
gramme to provide customers in the UK 
with an alternative telephone network 
for all their telecommunication  re- 
quirements. Users of the Mercury system 
save an average of 20% on national and 
up to 17% on international calls. They 
also benefit from a round-the-clock 
customer assistance service and free 
itemized bills. 
Marconi Communication 
Marconi House @ New 
CHELMSFORD CMI IPL 
phone (0245) 353221. 
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SCIENCE & TECHNOLOGY BRIEF 


Delicate Repairs to Costly Microchips 


Delicate microsurgery to repair faulty 
silicon chips was performed for the first 
time in Britain in early 1987 by a small 
high technology company which plans to 
turn its expertise into a money-spinning 
business. The company, Oxford Applied 
Research (OAR) of Witney, is a spin-off 
from Oxford University with which it 
still works closely. 

The company makes complicated scien- 
tific instruments, known as ion beam 
machines, and its foray into the 
microchip business happened almost by 
accident. Engineers at STC, the British 
electronics group, had a problem with a 
chip they were developing and _ it 
transpired that OAR’s ion beam 
machine could provide the solution. 
“Tt really was a tool looking ‘for a role 
and then along came STC with this prob- 
lem and we were able to solve it,’ said Dr 
Roy Clampitt, the managing director of 
OAR. The operation for STC involved 
using an ion beam machine to make a 
precise incision on eight prototype chips 
and removing a short circuit. This 
prevented a six-week delay in getting the 
chip into full production. 

Dr Clampitt thinks that chip repair is 
likely to be a growth business. ‘‘My 
challenge now is to break into that 
market. There is a huge potential,’ he 
said, 


Surgical precision 

There is an explosion in customized or 
application-specific integrated circuits 
as more companies are demanding 
specially tailored chips to fit the elec- 
tronic systems they are making. An in- 
creasing number of different chip 
designs is being created and they have to 
be tested as prototypes before volume 
production commences. 

It can take up to two months to turn a 
design into a prototype and a minor 
fault that delays prototype testing can 
result in a costly two-months slip in the 
manufacture of a new product. However, 
if it is possible to repair a prototype chip 
to enable testing to be completed with- 


by Leon Clifford 


out ordering another batch of pro- 
totypes, then time and money will be 
saved. 

Until very recently it was impossible to 
fiddle with the structure of a silicon chip 
because there were not tools available 
that could be controlled with enough 
precision. These days chips are routinely 
built with surface features only one 
micrometer or even less across. So the 
electronic ‘scalpels’ that the chip doctors 
need must be able to make incisions that 
are on the same scale. That is where Dr 
Clampitt’s ion beam machine becomes 
useful. 

It can make very small and precise cuts 
by directing a beam of charged atomic 
particles called ions, on to the surface of 
a material. Electric fields steer and focus 
the beam to accuracies of less than a 
1m. Ton beams have distinct advan- 
tages over other cutting beam 
technologies such as laser and electron. 


Potential market 

Cutting lasers produce a powerful and 
intense beam of energy which pumps a 
lot of heat into a small space. The cut- 


A cut in the surface of a microchip 


ting action works by boiling off layers of 
material but this makes them messy 
because hot debris can be scattered over 
a wide area. Furthermore, the beam can- 
not be focused very precisely and there is 
also the danger of reflected beams caus- 
ing unwanted damage. 

Electron beams depend on the kinetic 
energy of collision to remove material 
but since atoms are much more massive 
than electrons, electron beams are not 
very effective. They are more useful as 
microscopes, and scanning electron 
microscopes work by bouncing beams 
off a surface and detecting the reflected 
electrons. 

Ions, on the other hand, have about the 
same mass as atoms and can deliver a lot 
more kinetic energy on to a surface. An 
ion beam depends on the brute force of 
collision to dig into a material, A high 
speed ion literally knocks an atom out of 
the material and a powerful beam of 
ions van remove material quite rapidly. 
Dr Clampitt and his OAR team started 
working on a ‘very high brightness ion 
source’ in 1980. This was developed in a 
collaborative research programme with 
Britain’s Science and _ Engineering 
Research Council. They shared the costs 
equally. ‘‘I directed the project 
specifically towards milling and etching 
since from the company’s point of view 
I could see a potential market,’ said Dr 
Clampitt. 


Eliminating short-circuits 


‘‘What we have here is essentially a scan- 
ning ion microscope,’ he said, ‘“‘A fo- 
cused ion beam machine can do every- 
thing that a scanning — electron 
microscope can do. It can see things 
such as a fault on a chip, and we can also 
use it actually to remove the fault.’ 
The machine can be switched from being 
a microscope to a cutter simply by mak- 
ing the ions move faster. This is achieved 
by cranking up the electric fields that ac- 
celerate the ions. This ability to use one 
machine for both looking and cutting is 
ideal for repairing chips. 
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The ion beam machine can repair faults 
that occur in the production of a chip. 
For example, an unwanted piece of metal 
can form a conducting bridge — a short- 
circuit — between two parts of the chip, 
which makes it useless. However, if this 
bridge is removed and the short-circuit is 
broken, then the chips’s electrical in- 
tegrity is restored, 

“Tf it is a metal bridge and if it is access- 
ible, then it can be cut,’ said Dr Clam- 
pitt, ‘‘and yet most of the companies 
that do full custom chip design have 
never heard of this technique.’ 


Saving the prototypes 


STC’s problem involved an unwanted 
metal bridge that had occurred on eight 
prototypes of a new telecom chip de- 
signed by STL, the company’s research 
arm, using 2um double-level com- 
plementary metal oxide semiconductor 
(CMOS) very large scale integration 
(VLSI) technology. ‘‘The mighty STC 


with all its microscopes could see the 
fault but could do nothing,’ said Dr 
Clampitt. 

The prototype chips were manufactured 
in the United States by a semiconductor 
company, said STL’s David Wright, who 
was in charge of the project. ‘‘We got the 
design right but one mistake was made 
in the final stages of physical layout in 
the United States. The chip contains 
70,000 devices and 100,000 connections 
and one of those connections was put 
down on top of another instead of by- 
passing it,’ he explained. 

“We had eight chips which we knew 
would work except for this short circuit. 
The obvious thing to do was to cut 
through it,’ said Mr Wright. The cut 
needed to be 20 ym long, 2 ym wide and 
less than 1 pm deep. 

However, the laser to which he had ac- 
cess produced a spot 10 wm across, far 
too large when the chip has features that 
are only 2 ym or 3 um apart. An elec- 
tron beam would have eroded the metal, 


but the 1 keV of energy necessary would 
have destroyed the rest of the chip. The 
only option was an ion beam and that 
meant going to OAR. 


Fabulous machine 


OAR used a machine it had developed 
with the Science and Engineering 
Research Council and which was sited in 
the Engineering Science Department of 
Oxford University. The repair work 
saved STC six weeks and a lot of money. 
Dr Clampitt has identified a two-tier 
market for OAR. ‘‘I can see us setting- 
up a chip repair shop in the United 
Kingdom for the small boys and selling 


- machines to the big chip companies who 


have chips diagnostic equipment in their 
laboratories. 

‘*We have made a fabulous machine and 
what I want to do now is go into pro- 
duction.’ 


Making Nuclear Waste Safe for Disposal 


British Nuclear Fuels PLC (BNF) is 
building a plant at Sellafield that will 
convert highly active liquid nuclear 
waste into a solid glass material. This 
will provide advantages in safety, econ- 
omy, handling convenience, and _ stab- 
ility, both for transportation and 
ultimate disposal. 

The liquid waste is a product of the 
reprocessing of spent nuclear fuel 
elements. At Sellafield this involves 
nitric acid dissolution and solvent ex- 
traction. Uranium accounts for 96% and 
plutonium for 1% of the spent fuel. The 
remaining 3% is a highly active liquid 
waste that is concentrated by evapora- 
tion and stored in stainless steel tanks. 
Liquid storage has proved to be safe and 
reliable but it is costly and requires 
maintenance and surveillance over a 
long period. More importantly, the 
waste remains liquid and_ therefore 
potentially capable of leaking should the 
container be fractured. 

It would be much better to convert this 
liquid waste into some kind of solid. The 
BNF solution will use a_porosilicate 
glass process at its vitrification plant, at 
present under construction and expected 
to become operational in 1990, 


Stages of treatment 


There are two main processes for solid- 
ifying liquid waste: conversion into glass 


by Edward Crowley 


(vitrification) and conversion into a syn- 

thetic rock material (the SYNROC pro- 

cess developed in Australia). Vitrifi- 
cation has been used on a commercial 

scale in France since 1978. 

The plant comprises two vitrification 

lines. Succesive stages of the treatment 

consist of: 

* Feeding the waste liquid to a calciner 
where it is evaporated and dried. 

* Discharching the resulting powder into 
a melting pot where it is mixed with 
glass frit. 

* Heating the mixture until it becomes 
molten glass. 

* Pouring the molten glass into a glass 
container where it cools to a solid glass 
block. 

* Sealing the container and then moving 
it to a decontamination area and 
thence in a shielded flask to an air- 
cooled store. 

Each stage of the process has its 
refinements. For instance, at the start of 
the process, the radioactive liquid waste 
is prepared for treatment by the addition 
of a controlled volume of lithium nitrate 
solution, This is required because it en- 
sures adequate reactivity of the calcined 
powder with the glass frit at the melting 
stage. 

A constant volume feeder meters the 

flow of waste liquid to the top end of the 

calciner. This is a stainless steel tube, in- 
clined at a few degrees from the horizon- 


tal, and rotated inside an electrically 
heated furnace. The gases given off by 


the calciner and the melter — water 
vapour and oxides of nitrogen — are 
passed through scrubbers and con- 


densers before discharge into the en- 
vironment. 


Heated glass containers 


The primary gas purification system 
comprises a dust scrubber column, a 
tube condenser and bubble crap scrub- 
ber column for removal of nitrogen ox- 
ide. This is followed by a secondary 
purification system consisting of elec- 
trostatic precipitators, a scrubber col- 
umn, and high efficiency filters. The 
purification system reduces the nitrogen 
oxides and radioactive emission of the 
effluent. 

The melting furnace is inductively 
heated and is controlled at a temperature 
of about 1100 °C. As the level of 
vitrified waste in the melter reaches a 
pre-determined point, a valve at the base 
of the melter is activated and the molten 
glass is poured into the product con- 
tainer below. The glass container is pre- 
heated to minimize thermal shock. Pour- 
ing takes place every eight hours with 
containers able to take two pourings of 
vitrified waste. 

The glass containers with their solid 
blocks of glass,waste are 1.3 m high and 
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The top section of a vitrification plant showing the calciner furnace in the full-scale inactive 
development facility (FSIF) during a calcination experiment, at British Nuclear Fuels in 


Sellafield. 


0.42 m in diameter with a total weight of 
about 470 kg. After filling, the con- 
tainer is allowed to cool and a lid is fitted 
which is then completely sealed by an 
automatic fusion welding process. After 
decontamination the flask is placed in a 
transfer container and taken to the 


vitrified product store. 

Vitrification requires the use of complex 
mechanical plant operating in high tem- 
perature and radiation fields. Therfore, 
the metering equipment,  calciner, 
smelter and all the container handling 
devices are designed to be replaced using 
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remote couplings, a bridge crane and 


slave manipulators. 


Insulated walls 


In the air-cooled store the filled con- 
tainers, stacked ten high, are cooled by 
natural convection. They are stacked in 
stainless steel tubes sealed at the bottom, 
and the air flow removes heat indirectly 
from the outside of the tubes. As there is 
no direct contact with the containers, the 
air does not require filtration before dis- 
charge. 

The maximum production rate of the 
two vitrification lines will be about 21 
containers a week and the total annual 
output is expected to be 600 containers. 
The vitrification plant building is a steel 
frame structure clad with an outer skin 
of aluminium and an inner skin of mild 
steel, sandwiching a 35 mm layer of in- 
sulation material. The structure is about 
64 m long by 35 m wide and 40 m high. 
This type of construction allowed 
precast concrete units to be made off-site 
under carefully controlled conditions. 
The concrete cell work, installation of 
the main vessels, much of the pipework 
fabrication and installation, together 
with a lot of the electrical installation 
work have been completed. When the 
plant begins operating, it is planned to 
treat not only highly active liquid waste 
from the Magnox and THORP 
reprocessing plants but treat the present 
backlog of stored liquid waste at 
Sellafield as well. 


EVENTS 


IT in Government 


Blenheim Online have announced the 
launch of a new event, Information 
Technology in Government, to be held 
on 13—15 June next year at the Wembley 
Exhibition and Conference Centre. 

The event aims to present a showcase of 
every aspect of information technology 
and its applications in government, in- 
cluding application-specific software; 
computer graphics systems; data com- 
munications hardware; software and 
systems; departmental computing 
systems; document image processing 
systems; knowledge-based — systems; 
management and technical consultan- 
cies; and networking. Details from 
Blenheim Online (Debbie Gales) ¢ 
Blenheim House @ Ash Hill Drive @ 
PINNER HAS 2AE_ e_ Telephone 
01-868 4466. 


The Third Conference and Exhibition 
on Adhesives, Surface Coatings and 
Escapulants (ASE 88) will be held at the 
Metropole Exhibition Centre, Brighton, 
from 4 to 6 October. Details from ASE 
88 Administration Office e Network 


Events Ltd e Printers Mews e@ Market 
Hill e BUCKINGHAM MkKI8 1JxX. 


The Britain at CERN Exhibition will 
take place at the European Nuclear 
Research Establishment, Geneva, from 4 
to 7 October. Details from BEAMA 
(Desmond Cavanagh) e 8 Leicester 
Street e LONDON WC2H 7BN e Tele- 
phone 01-437 0678. 


The Electronic Displays Exhibition and 


Conference (ED ’88) will take place- 


from 4 to 6 October at the Wembley 
Exhibition and Conference Centre. 
Details from Blenheim Online Ltd 
(Sarah Chandler) e Pinner Green 
House @ Ash Hill Drive e PINNER 
HAS 2AE e Telephone 01-868 4466. 


A 7-day Technology Symposium (in 
English) will be presented by Integrated 
Circuit Engineering Corporation at 
Wiesbaden, Federal Germany, from 11 to 
19 October. Details from ICE Workshop 
Coordinator e Langgasse 35 e D-6200 
WIESBADEN e Federal Republic of 
Germany e@ Telephone (06121) 378776. 


Pan-European seminar 
LSI Logic is staging a ten-city ‘ASIC 
awareness’ tour as follows. 


26 Sept Helsinki 

28 Sept Gothenburg 
30 Sept Stockholm 
4 Oct Copenhagen 
6 Oct Oslo 

17 Oct London 

19 Oct Cambridge 
21 Oct Manchester 
25 Oct Florence 

27 Oct Rome 


Details from Cochrane Communications 
(Lesley Lock) e CCL House e 59 Fleet 
Street e LONDON EC4Y 1JU e Tele- 
phone 01-353 8807 


INSTRUMENTATION, the test and 
measurement exhibition, will be held at 
the Wembley Exhibition Centre, Lon- 
don, on October 26—27. Details from 
Trident International Exhibitions Ltd e 
21 Plymouth Road e TAVISTOCK 
PL19 8AU e Telephone (0822) 4671, 


INTRON '88, the International Elec- 
tronics Exhibition, will be held in Dublin 
on October 26-28. Details from SDL 
Exhibitions e Telephone 0001 900600. 
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DATA ENCRYPTION 


by Pete Chown 


Hacking, the illegal accessing of computers, is a crime peculiar to 
our technological world. It is also becoming more widespread. 
One way of frustrating hackers is data encryption. 


Data encryption is a vital part of data 
security but, since effective codes are not 
too widely advertised, information on it 
is scarce. 

The modern tendency is to design codes 
where a knowledge of the algorithm 
used for encoding a message is not suf- 
ficient by itself to break the code. In 
such a system, the people exchanging 
messages agree a key in advance, which 
might be a string of 20 random bytes. 
Hackers not knowing the key will not be 
able to break the code, even if they know 
the algorithm. 

In this article, I will outline a code that 
I have developed for private purposes. It 
uses a key that can be any length, de- 
pending on the level of security required, 
up to the length of the message being 
transmitted. For simplicity’s sake, I will, 
however, assume a 20-byte key. 

If you think that 20 bytes is excessive, 
because anyone trying to break the code 
would have to hit on the right key out of 
2'° ~~ combinations, remember _ that 
nobody in his right mind approaches 
code breaking this way. He will look for 
flaws in the algorithm instead. A long 
key has the effect of making the message 
more varied and this makes it less likely 
that someone will be able to see the right 
key to use. 

In its simplest form, the code is for- 
mulated by regarding the message as a 
sequence of bytes. These would nor- 
mally be ASCII codes. The first byte of 
the message is then Exclusive-OR-ed 
with the first byte of the key, the second 
byte of the message with the second byte 
of the key, and so on until the key has 
been used up. The twenty-first byte of 
the message is then Exclusive-OR-cd 
with the first byte of the key. This pro- 
cess continues until the message has 
been coded completely. 

This method of encryption suffers from 
a huge snag. If the hacker gets the first 
byte of the key right, he will also get 
every 20th byte right. This will allow him 
to build up the key bit by bit. The code 
is, therefore, refined to prevent this. 
Before the message is encoded, it is 
altered in a way that will make it imposs- 
ible to recover any of it if it contains any 
errors. The first byte is left as it is, and 
the second byte is Exclusive-OR-ed with 
the first byte and stored as the second 
byte. The third byte is Exclusive-OR-ed 
with the original second byte, and so on. 


The message is decoded in a similar 
manner, but the third byte is Exclusive- 
OR-ed with the second byte that has just 
been calculated. 

Now consider what will happen if the 
message becomes corrupted, because the 
key has been guessed, but is partly 
wrong. Any byte that is wrong will lead 
to the wrong value being generated. 
When this is Exclusive-OR-ed with the 
next byte, it will cause this to be incor- 
rect as well. The whole message will, 
therefore, be decoded incorrectly, even if 
only one byte in the key is wrong. 

It is worth summarizing the way in 
which encoding and decoding are car- 
ried out, because it is difficult to de- 
scribe it at the same time as attempting 
to give some insight into the logic of the 
code. 


Encoding 


1. a) Leave first byte unchanged. 
b) Exclusive-OR second byte with 
first byte. 


c) Exclusive-OR third byte’ with 
ORIGINAL second byte. 
d) Exclusive-OR fourth byte with 


ORIGINAL third byte, and so on. 


2. a) Exclusive-OR new first byte with 

first byte of key. 

b) Exclusive-OR new second byte 
with second byte of key. 

c) Repeat until the 20th byte is 
Exclusive-OR-ed. 

d) Exclusive-OR 21st byte of message 
with first byte of key. 

¢) Repeat this procedure until the en- 
tire message has been encoded. 


Decoding 
First carry out part 2 of Encoding, and 
then a different first part as follows. 
1. a) Leave first byte unchanged. 
b) Exclusive-OR second byte with 
first byte. 
c) Exclusive-OR third byte with sec- 
ond byte produced in b). 
d) Exclusive-OR fourth byte with 
new third byte, and so on. 


It is important that these stages are car- 
ried out in the sequence given. 

To encode a message securely, it is useful 
to know how the code might be broken. 
Many hackers would probably approach 
this by taking one byte at a time. and ar- 
range it so as to maximize the number of 


spaces, letters ‘e’, and so on. Once this is 
done, the key of a simple code often 
becomes very obvious. Even if it does 
not, it is possible, by judicious juggling, 
to discover the key eventually. 

In code breaking, the perpetrator can 
only go so far with his knowledge of the 
algorithm, and must then rely on edu- 
cated guesses. In this, he will make use 
by a knowledge of what characters are 
most likely to occur. Note that, in pure 
text, the most common character is a 
space, not the letter ‘e’. As well as letter 
frequency, there are other considerations 
that help him. For example, doubled let- 
ters give good clues, because very few let- 
ters are found in pairs. The same is true 
of reversed letters: both ‘er’ and ‘re’, for 
instance, are common. 

The letters of the alphabet in order of 
frequency of use (in the English 
language) are: 


ETAONRISHDLFCMUGY PWBVKXJQZ 
The most common reversed letters are: 
RE-ER; ES-SE; AN-NA; TI-IT; ON-NO., 


The most common doubled letters, in 
order of frequency of use, are: 


L; E; 8; O; T; F; R; N; P; C. 
The most common pairs of letters are: 


TH; HE; AN; RE; ER; IN; ON; AT; ND; ST; 
ES; EN; OF; TE; ED; OR; TI; HI; AS; TO. 


Readers interested in reading further about 
this fascinating subject are referred to the fol- 
lowing works. 

(1) Shannon, Claude E.; Communications 
Theory of Secrecy Systems. Bell System 
Technical Journal, volume 28 (1949). 

(2) Friedman, William F.; Elements of Cryp- 
tanalysis, Aegean Park Press: U.S.A. 
(1976). 

(3) Data Encryption Standard. FIPS PUB 46 
National Bureau of — Standards, 
Washington D.C., U.S.A. (1977). 

(4) Rivest, R.-L. and Shamir, A. and 
Adleman, J.; A Method for obtaining 
Digital Signatures and Public Key Cryp- 
tosystems. Communications of the ACM, 
volume 26, number 1 (1983). 
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APPLICATION NOTES 


The contents of this column are based on information obtained from 
manufacturers in the electronics industry, or their representatives, 
and do not imply practical experience by Elektor Electronics 


or its consultants. 


SIMPLE 1.2 GHz PRESCALER FOR FREQUENCY METERS 


by R. Bonsch 


One problem with many frequency meters is that the maximum 
usable input frequency is limited to about 1OO MHz. Decade 
prescalers are available to extend this frequency range upwards 
to about 1OOO Mkz, but they are notoriously expensive. The main 
benefits of the circuit described here are the relatively simple 
construction, good reproducibility, and low cost. 


The new Type SDA4212 prescaler from 
Siemens is remarkable for its high sensi- 
tivity and excellent — large-signal 
behaviour. The device does not require 
external matching of input voltages at 
levels between 5 mV and about 400 mV, 
at frequencies between 20 and about 
1200 MHz. A prototype of the circuit 
had a jower frequency limit of 2 MHz 
when driven with a sinusoidal input 
signal of 500 mV. The good wideband 
characteristics of the SDA4212 are in 
contrast with other prescalers, which 


often fail to divide correctly when the in- 
put level is not controlled fairly accurate- 
ly as a function of frequency. 


Practical use of the SDA4212 


Figure | shows the circuit diagram of a 
prescaler with a divide factor of 100. The 
input signal is applied to the SD4212 via 
2 series-connected leadless ceramic chip 
capacitors. The anti-parallel Schottky 
diodes at the capacitor junction protect 
the prescaler against overvoltages. The 


9 SDAA2I2 i 
C1 


BAS 70/04 


* leadless ceramic capacitor 


Fig. 1. Circuit diagram of the 1.2 GHz decade prescaler based on Siemens’s Type SDA4212. 


positive supply voltage is connected 
direct to pin 5 of the device to select 
divide-by-64 operation. The second 
prescaler input is capacitively grounded 
by Ci, while C2 decouples the supply 
voltage. The divided signal available at 
pin 7 is of ECL level, so that TTL gates 
operating as linear amplifiers are re- 
quired to achieve ECL-to-TTL conver- 
sion. The ECL signal is coupled out 
capacitively (Cs), and applied to the 
first gate of the level converter via Ri. 
The amplification of the first gate of the 
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Fig. 2. Alternative TTL circuits to achieve frequently required divide ratios. 


TTL-to-ECL converter is set to about 10 
with the aid of Ri and R2. Two ad- 
ditional gates provide further amplifi- 
cation and signal shaping. The signal 
thus obtained is applied to divide-by-five 
counter 74LS390, and to an inverter. 
Division of the signal operates as 
follows: if all divider sections in the 
74LS390 are at logic low level, output 
Q» (pin 9) is also logic low. This enables 
gate 2 to pass the pulses from gate | until 
output Qn goes logic high. When this 
happens, the process starts again after 
one pulse period. This means that 5 in- 
put pulses result in 4 output pulses at 
gate 2, corresponding to a divide ratio of 
5:4. 

The operation of the next counter stage 
(Qv pin 7) is identical to that described 
above. Gates | and 3 are needed to com- 
pensate the pulse delays in the 74LS390, 
and to ensure that this can operate at the 
highest posible speed. 

The quasi-aperiodical divider used here 
is also Known under the name dual-rate 
divider. Normally, these draw a con- 
siderable current (several 100 mA). De- 
pending on the input frequency, the cir- 
cuit proposed here requires only 30 to 
50 mA, and therefore enables battery- 
powered operation. 


The total divide ratio of the circuit in 
Fig. 1 is 


64x55 _ 1600 _ 100 
1x4x4 16 1 


LS and HCT versions of the counter 
74390 and gate 7402 may be used, pro- 
vide they are both of the same family (do 
not use One HCT and one LS chip). 

The supply set up around regulator Type 
TDB7805T is conventional, with D2 
raising the output voltage from 5 to 
about 5.7 V to raise the upper frequency 
limit of the prescaler as far as possible. 
Series-connected diode Di: protects the 


circuit from damage caused by reverse 
polarity of the unregulated input 
voltage. 

SHF mounting techniques should be 
used for the SDA4212 and its surroun- 
ding components. A large copper sur- 
face acting as a ground plane is rec- 
ommended when the circuit is mounted 
on a printed circuit board. 


Other divide ratios 


The circuit around the SDA4212 can be 
used without modification for building 
prescalers with (decimal) divide ratios 
other than 100. Figure 2a shows a circuit 
version for a divide ratio of 200:1, and 
Fig. 2b one for 400:1. These circuits are 
basically identical to that of Fig. 1, but 
use the remaining bistables in the 
74LS390, 

The total divide factors are calculated as 
follows: 


For N=200: 
64x5x5x2 _ 3200 _ 200 
Ix4x4x] 16 l 
For N =400: 
64x5x5x4 _ 6400 _ 400 
1x4x4x1 16 ] 


The third version (Fig. 2c) provides a 
divide ratio of 1000 and 10,000. By 
cascading these counter circuits, other 
integer divisors are readily obtained. A 
rotary switch can be used to configure 
the prescaler for different divisors. 


A simple pick up wire connected to the 
input of the prescaler can act as an aerial 
for frequency measurement. When 
measuring in low-impedance circuits, the 
open end of the pick-up wire may be 
returned to ground at the prescaler input 
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7419390 
F4HC 390 


to form a loop for inductive coupling. 
The pick-up wire may not be considered 
‘neat’ compared with a probe plus coax 
cable, but in practice gives the following 
benefits: 
e the coupling capacitance with the 
equipment under test remains in the 
femto-farad range, preventing detuning 
of oscillators or tuned circuits; 
e high input impedance; no attenuation 
by the capacitance of a relatively long 
coax test cable when the circuit under 
test is not matched. 


In conclusion, the proposed presealer is 

a simple, versatile and readily con- 

figurable unit. It should find many ap- 

plications, because: 

@ no modifications are required to 

ex isting frequency meters, which are 

simple to upgrade with the prescaler de- 

scribed; 

@ the prescaler can be housed in a pen- 
shaped probe enclosure; 

e@ the TTL output of the prescaler ob- 
viates sensitivity requirements for the 

frequency meter input. 


Source: Sremens Components 3/88. 


R. Bonsch is with Siemens AG, 


Component availability note: 

The Type SDA4212 is listed by Universal 
Semiconductor Devices Limited (for ad- 
dress and telephone number, see their 
advertisement elsewhere in this issue). 


= 
October 1988 


GEN. INTEREST 


First equipment order for Euro 
Digital Telephone Network 

The first order for operational digital 
mobile telephone equipment for the pan- 
European network has been placed with 
Orbitel, the mobile communications 
company owned jointly by Racal and 
Plessey. 

The order, worth more than £25 million, 
is the first for a fully operational system 
announed by any one of the 17 network 
operators who will set up the largest 
single-standard international mobile 
telephone network anywhere in the 
world. 

Details from Orbitel Mobile Communi- 
cations @ The Keytech Centre ¢ 
Ashwood Way e BASINGSTOKE 
RG23 8BG @ Telephone (0734) 782158. 


Electrical-ground testing 


Two instruments for measuring ground 
resistance of complex and simple elec- 
trode systems, the DET3 and DETS, are 
suitable for soil-resistivity measurements 
and may be used for archaeological and 
geological investigations. They use the 
four-terminal method and may be 
employed to test electrodes in accord- 
ance with the IEE’s Wiring Regulations. 
Details from Megger Instruments Ltd @ 
Archliffe Road e DOVER CT17 9EN e 
Telephone (0304) 202620. 


New IT research programme 


Britain has launched a new national 
research and development programme 
for Information Technology — IT. The 
programme, to be run jointly by the 
Department of Trade and Industry and 
the Science and Engineering Research 
Council, follows on from the Alvey Pro- 
gramme. 

The government has earmarked £29 
million over three years for the new pro- 
gramme, while the SERC will provide 
£55 million over five years. 

Britain is also making a budgetary con- 
tribution of some £200 million over five 
years to ESPRIT II, the EEC’s col- 
laborative IT programme. 


ADVANCED INDUSTRIAL INSPECTION EQUIPMENT 
MARKET IN EUROPE — 1992 


W Germany $740M 


France $00M 


Benelux $125 
Italy 321M 


Inspection equipment in 
Europe 

A new study* says that the European in- 
dustry will be spending $2.4 billion a 
year by 1992 on inspection equipment to 
ensure that common standards are met. 
The consistent manufacture of any prod- 
uct hinges on accuracy and repeatability 
of such parameters as length, angle, 
form and shape, for which increasingly 
tighter tolerances will be required. 
Photomask alignment, for instance, re- 
quired in making today’s omnipresent 
ICs is exceedingly exacting: little surprise 
that this forms the largest bloc of inspec- 
tion equipment that the study analyses. 
*Advanced Industrial Inspection in 
Europe (E985) @ Frost & Sullivan e 
Sullivan House e 4 Grosvenor Gardens 
@ LONDON SWIW ODH e Telephone 
01-730 3438. 


IBM in Europe 

A new report* predicts that IBM’s share 
of the European market will increase 
even further. This will begin to become 
apparent in 1988-1989, not only from 
IBM’s revenue and profit levels, but also 
from its impact on all competition and 
co-operative third party suppliers. The 
analysis forecasts that IBM’s shipments 
in Europe will rise at an annual rate of 
close to 14%. 

“IBM ENVIRONMENT IN EUROPE 
(4E895) e Frost & Sullivan e Sullivan 
House @ 4 Grosvenor Gardens e LON- 
DON SW1W ODH e Telephone 01-730 
3438 


EUROPEAN MARKET SHIPMENTS FOR IBM 
EQUIPMENT & SYSTEMS - 1988 


UK £9030 deh 


Waly Se6°9 coat Arrest of Curnpe $1378 


Sealed-base pushbutton 
switches 


ITW’s Series 39 miniature pushbutton 
switches with fully sealed bases are 
suited to high-density applications where 
front panel space is limited. The sealed 
bases make them ideal for flow 
soldering, as the seal prevents the ingress 
of solder flux or flux vapour. Made from 
epoxy resin, the seal also gives the 
switches greater on-board stability. The 
switches are intended for fitting between 
a front panel and a PCB or an in-line or 
right-angle connector. 

Details from ITW Switches e Norway 
Road @ Hilsea e PORTSMOUTH P03 
5HT @ Telephone (0705) 694971. 


Automatic diagnostics for 
Jaguar 

The latest range of Jaguar cars each have 
up to seven microprocessors on board, 
but few mechanics have the necessary ex- 
pertise to identify all electronics faults 
that may occur. To maintain the highest 
possible standards of service throughout 
the world, Jaguar, Cirrus Designs, a sub- 
sidiary of GenRad, and Datac joinily 
developed a fault diagnosis system that 
requires little expertise to operate. The 
result is the Jaguar Diagnostic 
System—JDS—which has won _ the 
coveted Jaguar ‘Pursuit of Excellence’ 
award: over 700 of the systems have been 
installed in Jaguar dealerships 
worldwide. The JDS also use a Datac 
printer to provide a printed fault report. 
Details form Integrated Public Relations 
e 5 London Road e NEWBURY RGI13 
JL e Telephone (0635) 523033. 
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THE SUPER CAPACTTOR: 
OPERATION AND APPLICATION 


Power supply back-up capacitors with a capacitance between 
several tens of milli-farads and tens of farads are currently 
available from a number of manufacturers. In spite of their huge 
capacitance, these devices are physically very small with sizes 
varying between that of a button cell and a matchbox. 


The use of CMOS memory elements in 
combination with a back-up battery to 
give a non-volatile memory is fairly stan- 
dard these days. But non-rechargeable 
battcries often go flat quite unexpected- 
ly, and the lifetime of NiCd types is also 
limited. Fortunately, the current con- 
sumption of CMOS circuits has been 
significantly reduced over the past few 
years, and memories need only be pow- 
ered from a back-up supply for as long 
as the main power supply is off, which 
may last from a few seconds to a few 
weeks. With this in mind, the choice of 
the capacitor as a back-up supply is not 
surprising. However, the size and elec- 
trical characteristics of electrolytic types 
make these unsuitable for practical ap- 
plication in a back-up supply. Fortunate- 
ly, thanks to special techniques, it has 
become possible to produce a type of ca- 
pacitor that combines high capacitance 
with small size. This recent development 
is known under the name electric double 
layer capacitor, or super capacitor. De- 
pending on the type, these capacitors are 
capable of powering CMOS circuits for 
periods of several weeks, or even several 
months, 


A special structure 


Conductive materials exchange charged 
particles when brought into contact. In 
the contact area, dissociation gives rise 
to a potential difference, called barrier 
potential. This principle is utilized in 
most types of primary and secondary 
battery, and  thermocouplers. The 
charges causing the barrier potential 
concentrate in layers along the im- 
aginary dissociation line between the 
two materials. One material has a 
surplus charge of positive ions, the other 
a surplus charge of negative ions. These 
two layers are commonly referred to as 
the electrochemical double layer. 

To illustrate the basic operation of the 
super capacitor, Fig. | shows a cross- 
sectional view of the layer between car- 
bon and an electrolyte (eg. diluted 
sulphuric acid). The structure of the 
double layer is similar to that of a ca- 
pacitor. In principle, all that is required 
to modify the charge in the double layer 
is to apply an external voltage across the 
dissociation layer. In practice, however, 
care should be taken that the current 


that would inevitably flow through the 
conductive materials does not cause an 
electrochemical reaction, Current flow is 
prevented by the special internal con- 
struction of the super capacitor, which 
will be discussed below. 


The capacitance per unit area of the 
electric double layer is estimated as high 
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Fig. 1. Electrochemical double layer be- 
tween two conductive materials. 
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Fig. 2. Activated carbon and diluted sulphuric acid are enclosed in a hermetically sealed 


package. 


as 20 to 40 pF’em’, The previously men- 
tioned carbon is actually activated car- 
bon, an extremely porous material 
whose surface area is of the order of 
1000 m?/g. Consequently, one gram of 
activated carbon particles can be 
calculated to provide a capacitance be- 
tween 200 and 400 farad. 

Figure 2 shows the basic construction of 
the enclosure for the super capacitor. 
The acidulated, activated, carbon is 
placed into an insulating rubber gasket 
which is sealed at both sides with a con- 
ductive rubber disc. The unit is closed 
hermetically by vulcanization. The oper- 
ation of the cell is enhanced by an thin, 
ion-permeable, separator, which may be 
considered a kind of sieve for molecules 
and ions of a certain size. The separator 
is dimensioned such that it passes only 
hydrogen ions in the electrolyte. 

The cell operates as follows: when a 
voltage is applied across the electrodes, 
positive ions travel through — the 
separator, towards the negative clec- 


trode, leaving negative ions behind. This 
process gives rise to a potential differ- 
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Fig. 3. Increasing the working voltage of the 
capacitor by series-connection of individual 
elements. 


ence across the membrane, and effective- 
ly prevents an electrochemical reaction, 
Meanwhile, the ion balance at both sides 
of the membrane is lost. An external 
voltage source, which supplies charge via 
the negative electrode, and removes 
charge via the positive electrode, Is re- 
quired to restore the ion balance in the 
dissociation layer between carbon and 
electrolyte. Here we have a capacitor 
with two electrodes and a dielectric. 

The capacitor element thus made has a 
relatively low working voltage (1 to 2 V). 
For most applications, elements are, 
therefore, connected in series. Figure 3 
shows that stacking is simple to achieve 
thanks to the basic structure of the super 
capacitor. The drawing also shows that 
one terminal is connected to the metal 
enclosure. Although the capacitor is, 


strictly speaking, non-polarized, this ter- 
minal is usually marked —, and connec- 
ted to ground. 


electrode 
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Electric operation of the 
double layer capacitor 

The basic construction of the super ca- 
pacitor is once more given in Fig. 4 for 
describing the equivalent circuit. Each 
carbon particle, Co, together with the 
surrounding diluted acid, forms a small 
capacitor, connected to one electrode 
either direct, or via surrounding par- 
ticles (resistance Ren). The resistance be- 
tween the particle and the other elec- 
trode depends on the ion flow through 
the liquid electrolyte and the separator 
(resistance Ria). 

The value of the small capacitor is 
related to the surface of the carbon par- 
ticle. Th resistance between it and the 
two electrodes depends on its position in 
the cell. This analysis forms the basis for 
the equivalent circuit drawn in Fig. 5. In 
this, Rs is the electric resistance of the 
separator membrane (not to be confused 
with Rin), while Ri. stands for the ca- 
pacitor’s leakage resistance. The cquiva- 
lent circuit thus obtained very nearly 
resembles the actual state of the super 
capacitor, but is relatively complex. For- 
tunately, it can be simplified as shown in 
Fig. 6. This model shows clearly that the 
super capacitor may be thought of as 
composed of a large number of R-C net- 
works, whose values of R and C depend 
on a number of factors, including the 
size of the individual carbon particle, 
and its position with respect to the elec- 
trodes. 


The electrostatic capacitance of the 
super capacitor has propertics similar to 
the electric capacity of a battery. This 
means that the capacitance is fairly diffi- 
cult to ascertain because values obtained 
depend on measurement conditions. 
Usually, capacitance is measured by con- 
necting the super capacitor to an exter- 
nal voltage source via a resistor whose 
value is large relative to the internal re- 
sistance of the capacitor, In this set-up, 
all elementary capacitors are charged 


electrode 
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Fig. 4. Cross-section showing the basic structure of the double-layer capacitor. 
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equally, so that the recorded charge 
curve can be used to deduce the effective 
capacitance. Measurement of the 
equivalent series resistance (ESR) of the 
capacitor is not so simple. Manufac- 
turers of super capacitors provide ESR 
specifications related to a number of test 
frequencies. The relatively high ESR 
values found in the data sheets make 


cin-ty — Regn-ty" 


880076 - 14 


clear that the super capacitor is, unfor- 
tunately, not suitable for AC appli- 
cations (smoothing; filter circuits). 


In conclusion, the main characteristics 
of the super capacitor can be summariz- 
ed as follows: 

e high volumetric efficiency; 

@ maintenance-free, simple to install; 
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Fig. 6. Simplified equivalent circuit of the 
super capacitor. 


e no need for special charging circuits; 

e@ no short-circuit when the capacitor 
breaks down — the super capacitor 
forms an open circuit instead. 

e@ Low risk of explosion thanks to low 
electrolyte content; 

e long life withhout dry-up problems; 

e not suitable for filter applications 
because of relatively high ESR. 


CORRECTIONS 


Midi code generator 
April 1988, p. 36-38. 


e The outputs of 1C2 should be connected as shown 
in the accompanying diagram. 

e@ When low-power Schottky (LS) ICs are used, it may 
be necessary to reduce the RC time of R4a-C3 by 

replacing C3 with a 100 nF type. 

e Depending on the components used, the different 
pulse delays of N7 and Ns-N9 may cause the lower 

nibble to be increased by one, This effect can be 

resolved by fitting network Re-C9 at the input of N7 

as shown in the accompanying diagram. 

® It is recommended to fit a 1K resistor in series 
with P1 to prevent a short-circuit between the 

input and output of N1 when the wiper of this preset 

is set to the extreme position. 


Microprocessor-controlled radio 
synthesizer — 2 

September 1988, p. 49. 

In the circuit diagram of Fig. 9, junction (Rs7-C29) 


should be connected to junction (drain Ta-L3). The rel- 
evant printed circuit board is all right. 


Inductance meter 
September 1988, p, 25. 


The correct photograph for Fig. 5 is given opposite. 


3L250hHz 


Adiv =10015 
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CONTACT ENCODER AS DIGITAL 
POTENTIOMETER 


The number of so-called autonomous, 
or stand-alone, applications found for 
microprocessors and microcontrollers 
increases daily with the introduction of 
new equipment. Dishwashers, small 
household utensils, cameras, test and 
measurement equipment, and cars, to 
mention but a few examples, now have 
some type of built-in microprocessor 
that affords ease of operation to the 
user. The microcontroller-driven power 
supply discussed in Ref. ") is a good 
example of how advanced digital elec- 
tronics can be incorporated into an 
otherwise analogue test instrument. 
Inevitably, where a microprocessor is 
used, the necd arises to provide a reliable 
user interface. Function keys are ad- 
equate as long as the required controls 
are relatively simple (e.g., the on/off 
switch), A problem arises, however, 
when an analogue value is to be set (e.g., 
volume or tone control on an AF ampli- 
fier). A keyboard is not suitable for this. 
Not entirely unsuitable, but rather in- 
convenient, is a control based on 
up/down keys — consider the limited 
resolution and the time needed to reach 
the wanted setting. Yet another alterna- 
tive, the potentiometer followed by an 
analogue-to-digital converter (ADC), is 
less attractive from a point of view of 
cost. The accuracy of the adjustment is 
limited by the travel of the potentiometer 
spindle, and 10-turn types are usually 
about 10 times as expensive as a standard 
potentiometer. Also, the parallel data 
output of the ADC may use up most of 
the computer’s I/O capacity, 


Bourns, the well-known manufacturer of 
a wide range of resistors, presets and 
potentiometers, have recently introduced 
the digital contact encoder, which forms 
an attractive solution to the above prob- 
lems. The contact encoder looks very 
much like a potentiometer, but supplies 
digital signals suitable for reading by a 
microprocessor. The part is essentially a 
rotary switch without an end-stop. The 
output signals are phase-shifted as a 
function of rotational operation. The 
direction of travel of the spindle is 
deduced from the phase relationship, 
while the number of pulses is a measure 
of the magnitude of travel. ; 
Bourns currently offer contact encoders 
with 12, 24 or 36 discrete spindle pos- 
itions (detents) per revolution, and 6, 9, 
12 or 24 cycles of the output signal, 


Fig. 1. Very similar to an ordinary poten- 
tiometer at first sight, the contact encoder is 
functionally completely different because it 
supplies digital signals. 


again, per revolution. The choice be- 
tween these types will be governed by re- 
quirements as to ease of setting the rel- 
evant control, and the number of steps 
(for applications involving a large num- 
ber of steps, it is often desirable to use a 
contact encoder that supplies relatively 
many cycles per revolution). 


Benefits of the contact encoder are 
mainly ease of use, simple interfacing 
circuits, and relatively low cost. Since 
the contact encoder is basically a pair of 
switches with a common pole, contact 
debouncing should be provided in soft- 
ware. In the microcontroller-driven 
power supply, a Bourns contact encoder 
is used as the front panel control for set- 
ting current and voltage. 


Reference: 

") Microcontroller-driven power supply; 
Parts 1, 2, 3. Elektor Electronics May 
1988, June 1988, September 1988. 
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SPECIFICATIONS 


Electrical Characturistics 
Oviput ? bn Gray Code, Channel & 
leads Channel B by 90 degrees 
electrically turning clockwise (CW) 
Closed Carcun Resistance 5 ohms mMaxemum 
Open Circus Aesistance 100k ohms minemurn 
Contact Hating 10 milhamp 4 10 VOC ar 0.1 watt maximum 
Insulation Acsistance 1500 YOO) 1,000 megohms minimum 
Dielectric Withstanding Voltage MIL-STD-202 Mathod 301 
Sea Leve 1,000 VAC minimum 
Electrical Travel Conminuous 
Contact Bounce 0.1 millisecond maximum 
Rotational Lite 200,000 shaft revolutions 


871B9-T1 


PERFORMANCE CODE 
Detents Cycles/ Rev. 


BOO12 
co006 
coo24 
DoOdS 


87189 -T2 


Fig. 2. The number of detents and pulses per 
spindle revolution depend on the type of en- 
coder chosen (courtesy Bourns). 


Further 
availability of 
available from: 


information on prices and 
contact encoders is 


Bourns Electronics Limited « Hodford 
House e 12/27 High Street 
HOUNSLOW TW3 ITE. Tel.: (01 572) 
6531. Telex: 264485. 


European Headquarters: 

Bourns AG e Zugerstrasse 74 @ 6340 
Baar e Switzerland. Tel. +41 42 
333333. Telex: 868722. 


Worldwide Headquarters: 
Bourns Inc. @ 1200 Columbia Avenue 
@ Riverside e California 92507. Tel.: 


(714) 781-5500. Telex: 676-423. Fax: 
(714) 781-5700. 


More than just a signal 
source 

A small, compact, portable DC signal 
source that is ideal for adjusting and 
calibrating industrial instruments, trans- 
mission lines, thermocouples for ther- 
mometers and recorders, and can also 
operate as a 4-digit multimeter and ther- 
mometer is now available from Universal 
Instruments of Leicester. 

Hioki model 7010 is powered by 
rechargeable batteries or an AC adaptor 
and generates accurate voltage and cur- 
rent signals in the range 0 to + 8.1 V 
and Oto + 81 mA. This unique unit also 
produces 6 types of thermoelectric 
power output. 


2 


AJ 
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Fully guaranteed by Universal; model 
7010 comes ready for use with batteries, 
connector, spare fuse and instructions. 
Optional accessories include a carrying 
case with shoulder strap and an RJ 
Sensor. 

For further information, contact Univer- 
sal Instruments Services Ltd. e Unit 62, 
GEC Site e Cambridge Road e 
WHETSTONE LE8 3LH. Tel.: (0533) 
750123. Telex: 34611. Fax: (0533) 866084. 


Battery tester 


Alpha Electronics announce _ the 
availability of a small, compact, easy to 
use, hand held tester for both 6 volt and 
12 volt batteries. Triplett model 
BQ 200A can also check the charging 
system of vehicles and be used as a 
voltmeter for testing computerised fuel, 
ignition and catalytic converter systems. 


No batteries are required as power is 
taken from the device under test. Model 
BQ 200A measures precise voltage to 
within 20 mV on a large bright red LED 
display which is protected from, and in- 
dicates, polarity reversal. 

Price of the BQ 200A is £26.00 excl. 
VAT. 

More information from Alpha Elec- 
tronics Ltd. e Unit 5, Linstock Trading 
Estate e Wigan Road e Atherton e 
MANCHESTER M29 OQA. Tel.: (0942) 
873434. 


Keypad legends instantly 
Prototype and small quantity users can 
now customize the GRAYHILL Series 
89 Keypads with a new legend label sys- 
tem. A variety of legend labels including 
numbers, letter, symbols and standard 
key inscriptions is available in sheet 
form. The self-adhesive, die-cut, legend 
label is easily peeled from the sheet and 
placed in the selected button area of a 
3x4, 4x4 or 5x4 keypad configuration. 
Filling the button spaces provides a com- 
plete customized legend keypad immedi- 
ately ready for use in prototype or small 
quantity requirements. The legends are 
printed on the label’s second surface to 
prevent wear. 


information, contact 


further 
Highland Electronics Ltd @ Albert 
Drive @ Burgess Hill @ West Sussex 
RHIS 9TN. Tel.: (04446) 45021. Fax: 


Tor 


(0446) 6641. as 


New DIY subwoofer kit 


A new addition to Wilmslow Audio’s 
range of DIY subwoofer kits is the 
model CDVC/Q which is specifically in- 
tended for use with Quad electrostatic 
speakers. As well as extended bass 
response, two other advantages are 
claimed: increased system power hand- 
ling and also a ‘kinder’ load presented to 
the amplifier. 

The subwoofer, a very compact 
571 x 336x366 mm, employs a special 
long-throw drive unit fitted with dual 
voice coils to integrate the bass signals 
from both stereo channels so that these 
can be reproduced by a single speaker 
enclosure. 
In common subwoofers 


with other 
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operating below 150 Hz, the unit can be 
sited virtually anywhere in the listening 
room without affecting the stereo image. 
Two versions are available: CDVC/QI 
for old model Quads and CDVC/Q3 for 
use with ELS63s. 

The kit includes the cabinet in flatpack 
form machined from I8 mm MDF 
board, assembled crossover networks, 
drive unit, grille fabric, screws etc. 

The CDVC/Q kit is priced at £159.95 
inc. VAT (plus £11 carriage) from 
Wilmslow Audio Ltd. e 35-39 Church 
Street @ WILMSLOW e Cheshire 
SK9 IAS. Tel.: (0625) 529599. 


Low cost 20 MHz, two- 
channel oscilloscope 

Thurlby Electronics now stocks the 
CS1021 Kenwood (formerly Trio) oscillo- 
scope. Bandwidth is conservatively 
specified at 20 MHz with 2 mV sensi- 
tivity up to full bandwidth and 1 mV up 
to 10 MHz (—3 dB). An accuracy of 
+3% is quoted for both vertical and 
horizontal amplifiers. 

Triggering : ources available are Channel 
1, Channel 2, line, external and V mode. 
When V mode is selected the trigger 
source is automatically selected accord- 
ing to the vertical axis mode. Thus for 
CHI or CH2 mode the signal inputs to 
these channels become the trigger 
source. In the ADD mode the sum (or 
difference if CH2 is inverted) becomes 
the trigger source. The ALT mode is par- 
ticularly convenient since each channel 
input then becomes its own trigger 
source. 

The CS1021 uses a 150 mm, rectangular, 
high intensity CRT which ensures a 
bright display and high resolution, while 
having the added advantage of 
climinating parallax errors. 

Other features include a convenient X-Y 
display for measuring phase differences 
and an Z input for intensity modulation. 
The CS1021 oscilloscope is supplied in a 
compact package weighing 8.4 kg with 
dimensions of 260 (w) x 160 (H) x 400 
(D) mm. A padded carrying case is 
available as an optional extra. 


i _. a} 
The CS1021 costs £319 + VAT. 
Thurlby Electronics Ltd. @e New Road 
e St. Ives e HUNTINGDON 
PEI7 4BG. Tel.: (0480) 63570. 
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Maplin bend the genders 


MAPLIN have introduced several new 
high quality, low price, excellent value, 
Converters and Testers, for RS232 Ports. 
All are available by direct mail or from 
Maplin’s six regional shops. Prices vary 


from £3.95 for the Gender Changers 
and the Null Modem to £ 11.95 for the 
Surge Protector. 

Maplin Electronics e P.O.Box 3 
RAYLEIGH e Essex SS6 8LR. Tel.: 
(0702) 552911. 


Handheld, true r.m.s. 
multimeter 


MX47 Series true r.m.s. multimeters 
manufactured by ITT Instruments are 
being used by the Abingdon-based 
ONEAC Company to ensure that 
manufacturers and users of computer- 
ised and electronic equipment install the 
most suitably rated power conditioner. 

A major advantage of the MX47 is that 
it provides a wide bandwidth true r.m.s. 
reading with a high resolution in an eas- 
ily portable instrument which can be 
carried in a brief case and does not re- 
quire mains power for operation. 


Many other facilities provided by the 
MX47 multimeters have also proved to 
be of immense benefit to ONEAC. In 
particular, the instrument’s crest factor 
of 4 and its frequency response up to 
20 kHz both ensure a high level of 
measurement accuracy. Additionally, the 
multimeter has a 4000 count scale range, 
so that it is possible to measure the nor- 
mal 240 V mains voltage very accurately. 
Further information from [TT Instru- 
ments @ 346 Edinburgh Avenue e 
SLOUGH SLI 4TU. Tel.: (0753) 824131. 
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Hand lead former 


Wybar Electronics have introduced a 
Hand Lead Former to their range of 
component preparation equipment. 
The Model PR2 will bend legs of axial 
components to 90 degrees prior to PCB 
insertion. Quick and easy to set up, this 
tool is ideal for small batch production 
or R & D work where many varying 
pitches are required. 

For further details, contact Wybar Elec- 
tronics @e Unit M, Portway Industrial 
Estate @e ANDOVER SPIO 3LU. Tel.: 
(0264) 51347/8. Telex: 477291 


3%-inch disk drive upgrade 


Citizen Europe are offering PC users, 
frustrated by 514’? and 3'2”’ disk incom- 
patibilities, the opportunity to upgrade 
their existing 54°’ drive machines to ac- 
cept 3%’ media using the Citizen 
MFR 525 replacement kit. 


The kit, which is slotted into the second 
disk drive position on the PC, includes a 
mounting chasis, a Citizen FDD, front 
bezels (black/grey) and fixing screws. It 
can be user-fited in about 30 minutes 
and comes complete with both interface 
and power adaptor enabling the user to 
read and write on 3!14’’ media as well as 
transfer files directly from 5'4’’ media 
to 34" and visa versa. 

Citizen’s range of 1’’ high Floppy Disk 
Drives offer 720k formatted capacity on 
XT and AT compatible machines and 
720k/1.44MB on AT ~ compatible 
machines. 

Recommended retail prices of the 720kB 
and 1.44MB types are £86 and £110 re- 
spectively. 

Further information from Citizen 
Europe Ltd. Tel.: (0895) 72621. 


‘Shirt pocket’ enclosures 


OK’s PaclIec HM series ‘shirt pocket’ 
enclosures are now available with or 
without battery compartments. Through 
colour moulded in tough ABS, the HM 
measures 236196 mm deep and is 
supplied in kit form for easy assembly to 
house a variety of small electronic units 
— controls, programmers, calculators 
and the like. Slightly larger at 
4991x146 mm, the HPS/LS has a 
sliping panel which is suitable for 
LED/LCD displays or similar. Both 
units are supplied in component form 
either in single or production guantities. 


Four colours are standard but specials 
can be ordered, together with customis- 
ed panels. The Paclec range has also 
been extended to include Modem hous- 
ings. 

OK Industries UK Ltd. e Barton Farm 
Industrial Estate e Chickenhall Lane e 
EASTLEIGH e@ Hants SOS 5RR. Tel: 
(0703) 619841. 


EMC line filter inductors 

Pascall Electronics Limited now have 
available their new series of EMC Line 
Filter Inductors — designated AMI100 
Series. 

The units are designed for AC or DC op- 
eration — in two sizes — with current 
ratings of 0.5 A to 6 A. Toroidal wound 
assemblies are used throughout and by 
mounting vertically, allow high packing 
density and optimum temperature dissi- 
pation. Using flame-retardant housing 
and encapsulation to UL94V-O, they of- 
fer a high quality component with 
minimum PCB mounting requirements. 


More is available from 


information 
Pascall Electronic Ltd. « Saxon House 


e Downside e SUNBURY-ON- 
THAMES TWI16 6RY. Tel.: (01 979) 
0123. Telex: 8814536. Fax: (0932) 782402. 


READERS SERVICES 


All orders must be sent BY POST to 
our Brentford office using the appro- 
priate form opposite. Please note that 
we can not deal with PERSONAL 
CALLERS, as no Stock is carried at the 
editorial offices. The postal address is 
given at the back of the form. 

All prices shown are net and customers 
in the UK should add VAT where 
shown, ALL customers must add 
postage and packing charges for orders 
up ta £15,00 as follows; UK, £1.00; 
Europe, £1.50; other countries, £2.00 
(surface mail} or £3.00 {airmail}. For 
orders aver £15.00, but not exceeding 
£50.00, these p&p charges should be 
doubled, For arders over £50,00 in 
value, p&p charges will be advised. 
Software is also available from 
TECHNOMATIC LIMITED {for address, 
see inside front cover) 

In Sweden, printed-circuit boards 
should be ordered from 

ELECTRONIC PRESS 

Box 63 

$-182 11 Danderyd 

Telephone: 08-753 03 05 


SUBSCRIPTIONS 


Subscriptions can be provided 
anywhere in the world: apply to Elektor 
Electronics « Worldwide Subscription 
Service Ltd @ Rose Hill e Ticehurst @ 
East Sussex TN5 7AJ @ England. 


LETTERS 


Letters of a general nature, or express- 
Ing an opinion, or concerning 4a matter 
of common interest in the field of elec 
tronics, should be addressed to The 
Editor. Their publication in Elektor Elec- 
tronics is at the discretion of the Editor, 


PAST ARTICLES 


A limited number of past issues can be 
supplied at the current cover price plus 
postage & packing as detailed above. If 
past issues are no longer available, 
photo copies of the relevant article can 
always be provided at a price of £1.00 
per article plus postage and packing as 
detailed above. 


TECHNICAL QUERIES 


Although we are always prepared ta 
assist readers in solving difficulties they 
may experience with projects that have 
appeared in Elektor Electronics during 
the PAST THREE YEARS ONLY, we 
regret that these can not in any cir- 
cumstances be dealt with by telephone. 


COMPONENTS 


Components for projects appearing in 
flektor Electronics are usually available 
from appropriate advertisers. If difficult- 
jes in supply of components are en- 
visaged, a source will normally be 
advised in the article, 


BOOKS 


The following books are currently 
available: these may be ordered 
from certain electronics retailers 
er bookshops, or direct from our 
Brentford. office. 


301 Circuits £6.25 
302 Circuits £6.25 
303 Cirtuits. 6 ass ver £7.95 
Data Sheet Book 2,....... £8.25 


BINDERS 


Elektor Electronics binder 


No. Price VAT 


86111-F1 5.60 0,84 
86111-F2 4.45 0.67 


Top-of-the-range 
preamplifier 
Intelligent time 


standard B6124-F 15.70 2.36 
Digital sine-wave 

generator 87001-F 5.45 0.82 
Autoranging DMM 87099-F 2.80 0.42 
Frequency meter 87286-F 10,75 1.61 


Microcontroller driven 
power supply 880016-F 28.75 4,31 
Preamplifier for 


purists 880132-F 8.25 


This order should be sent fo: 
ELEKTOR ELECTRONICS 

1 HARLEQUIN AVENUE 
BRENTFORD TW8 9EW 
ENGLAND 


~|Bank draft 


(]Postal/money order 


ORDER FORM 


Telephone 


Method of payment (tick as appropriate): 


| Cheque (payable to ELEKTOR ELECTRONICS) 
|_|Giro transfer (our A/c no. 34 152 3801) 


Access A/c 


PEL Err 


24a ae 


Card expiry date: 


SOFTWARE 


Software in (E)PROMs No. Price VAT 
(eh (£) 

uP-contralied frequency 
meter 1 2732 531 9.00 1.35 
X-Y plotrer 

1 x 2732 §32 900 1.35 
programmiuble timer 

1 « 2732 535 9.00 1.35 
GHz pre-scaler 

1 x 2732 536N 9.00 1.36 
automate your 
moadet railway 

1 x 2796 537 7.30 1,10 
marine computer 

1x 2716 53a 7,30 1.10 
Jumbo clock 
2 2716 539 14.60 2.20 
Graphics card 
2 x 825123 543 9,60 1.44 
printer buffer 

1x 2716 545 7.30 1.10 
MSX EPROMmer 

+ x 27128 552UK 7.30 1.10 
Intelligent time standard 

1 » 2764 563 10,00 1.50 
0 extension for IBM 

1 « PALIGL8 561 8.75 132 
Centronics intetface for 

slide fader 1 x PALIGL8 562 87S 1.32 
uP-contralied radio 

synthesizer 1 ¥ 27C64 564 10.00 1,50 
Slave indication unit 

for 1.7.5. 1 » 874BH 700 15,00 2.26 


EPROM emulator 
1 » 8748H 701 
Microcontroller-driven 


16.00 2.25 


power supply 1x8751 7O2 47.50 7.13 
Transmission & raception 
of RTTY XSS-100 8.00 120 


(Send formatted 3.5 in diskette containing 
MSX.BDOS.COM and COMMAND.COM) 


PRINTED CIRCUITS 


No. Price 
(£) (£) 


OCTOBER 1987 


14-bit D-A converter 487160 3.00 1.35 


Low-nowe microphone 

amplifier 

NOVEMBER 1987 

SSB Receiver for 80 m 
and 20m 

BASIC computer 

Oimmer for inductive 
loads 

DECEMBER 1987 

Digital motor driver for 

R:C models 

Frequency meter 

LCD VU meter 


JANUARY 1988 
DCF77 Recewer and 
Frequency Standard 


Stereo limiter 

Light-powered 
thermometer 

Switch-mode PSU 

FEBRUARY 1988 

Intelligent time 

standard 

Infra-red headphones 

Prescaler for frequency 

meter 

MARCH 1988 

Slave indication unit 
for t.T.S 

Computer-controlted 

slide fader 

Low-noise preamolifier 
for FM receivers 

Signal divider for 

satellite TV raceivers 

APRIL 1988 

Stereo sound generator 

Fuzz unit for guitars 

Active loudspeaker 

system 

Tuneable preamplifiers 
for VHF & UHF TV 

MAY 1988 

Plotter 

Balanced line driver 
and recerver 

VLF convertor 

JUNE 1988 

Microcontroller-driven 
power supply 


V0 extension card for 
IBM PC 

Wideband active aeriul 
for SW receivers 


VAT 


Date 


Signature: 


No. Price VAT 


(£) (£) 
87058 3.45 052 
87051 14.75 2.21 
87192 20.25 3.04 
87181 6.00 0.90 
87098 4.50 0,68 
87286A 12.50 1,88 
87505 6.75 1.01 
87520 6.75 1.01 
86174-A 8.70 1,31 
87105 Not availaole 
67168 7.26 1.09 
87188 6.75 17.01 
880001 §.00 0.75 
861242 7.15 1.07 
87640 6.10 0.92 
880005 9.25 1,39 
87104-1 10.50 1.58 
87104 2 10.50 1.58 
87259 16.00 2.40 
880041 6.50 0.98 
880042 5.00 0.75 
880067 5,00 0.75 
B7142 7.25 1.09 
87255 6.50 0.98 
880030 7.60 1,19 
880044 6.26 0,94 
BB0045 5.50 0.83 
37167 11.50 171.73 
87197 10.50 1.58 
880029 5.765 0,86 
880016-118.00 2.85 
880016-2 12.50 1.88 


880016-315.00 2.15 
880016-4 0.75 d.1T 


980038 28.75 4.31 
880043.1 6.00 0.90 
880043-2 4.75 0.71 


HF operation of 
fluorescent tibes 


JULY/AUGUST 1988 

Transmission & 
recuption 
of RTTY 

Video distribution 
amplifier 

Power switch for cars 

Electronic sand-glass 

Fruit machine 

VO extension card far 
IBM 
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No. Price VAT 
(£) {E} 

880085 9.76 1.46 
86019 = Not available 


87686X Not available 
87466 
87467 
87406 
87476 


Not available 
Not available 

6.60 0.99 
Not avatlable 


880038 28.60 4.29 


iwith gold-plated cannectar) 


Frequency read-out for 
SW! receivers 

Car ult alarm 

Universal prototyping 
board 

Simple transistor tester 

Lead-acid-battery 
charger 

Automatic volume 
control 

Universal SMO-ta-DIL 
adaptors 

Fiva-band graphic 
equalizer 

AM calibration gen 
erator 

Stepper motor driver 

150 W AF power 
amplifier 

Simple 80 m RTTY 
receiver 

Printer sharing bax 


SEPTEMBER 1988 
Fast NiCd charger 
64 K RAM for MSX 
uP-contralled radio 
synthesizar 


B80039 
884002 


18.40 2.76 
Not available 


484013 
884015 


10.45 1.57 
4.60 0.69 


884019 Not avarlable 


884024 Not availuble 


884025 2.60 0.39 


884049 7.95 1.20 


884054 
884076 


Not available 
5.45 0.BB 


884080 4.20 0.63 


886034X 8.15 1.23 


884020 Not available 
87186 6.10 0.92 
87314 16.95 2.39 


8801 es 00° 2.10 
980120-2 . 
890120. 3)! 9-00 1.60 


* Theso 3 prints may be purchased as a single 
package under reference 880120-9 at the 
Special pnce of £17.50 (VAT £2.63). This 
offer closes on 30 Novernber 1988 


Self-inductance meter 


OCTOBER 1988 

Centronics interface 
for slide fader 

Preamplifier for purists 


Ultrasonic distance 
meter 

Peripheral modules for 
BASIC camputer 


Transistor curve tracer 


&80194 4.30 1.25 
880111 7.75 1.16 
8801321 5.90 0.89 
880132-212,25 1.84 
a80144 7.75 4.768 
8801593 5.00 0,75 
880162 §.00 0.75 
880163 §.40 0.81 
886087 4,60 0.69 


SINGLE-ACTION 
WIRE-STRIPPERS 


HOBBY VICE 


Lever operated suction grip base holds 
tightly to smooth non-porous surfaces. Ideal 
Extremely quick and for holding small components and 


E. assemblies. Metal faced jaws 37 X 11mm, 
easy to use, Just place ©. SUPPLY THE open to 35mm, Base 60 x 60mm. Height 68mm 
wire in jaws and ~ 
squeeze handles. Wire ' 
is neatly stripped in TOOLS M 
one simple action, 
Also includes tension 


enti SO YOU CAN 
MEW Lees FINISH THE ES 
£795 JOB WITH 
EASE! 


PRICE ONLY YP3ER 
HELPING HANDS 7 = buy Top quality standard flux-cored solder 
+ = « designed for hand and machine soldering of 


Remarkably low price.on this most useful 
piece of equipment, Two fully adjustable 
crocodile clips hald peb's etc. firmly and 
glass magnifier allows close inspection. 


electronic components. Manufactured to 
BS219 Grade KP, BS441 Grade 2 and BS5625 
Class 5a. The solder is a 60% tin, 40% lead 
alloy containing a non-corrosive flux. Solder 
Starts to melt at 183°C and is fully molten at 
188°C. Available on Y2kg reels in 0.7mm dia. 
(22 swg) and 1.2mm dia. (18 swg). Perfect 
for use with all hand soldering irons 
including Antex, Weller etc. 


UNBEATABLE TRIAL OFFER 
PRICE ON ABEPTO FINE 
= ={ — QUALITY SOLDERS. 
or in boxes of “S e, vekgreel 22 swg| or in boxes of 
20 reels (10kg) n — ONLY 20 reels (10kg) 
y) = - 
—ae 
A=) OE, ‘57 
ELECTR oN J FY70M 
(=£4.34+ VAT) S ELECT (=£6.95+ VAT) (=£4.99+VAT) 
PER REEL PER REEL PER REEL 
(SC20W price £99.80). (SC21X price £114.80). 
“The finest soldering irons in the world.” - Maplin recommend Antex. DESOLDER 
Precision soldering irons that aré a pleasure touse. Low leakage currents, ceramic PUMP 
element, shatterproof handle. Itall adds up to the number one soldering equipment forthe 
hobbyist. Use CS type for very 17W TYPE Cs Powerful pump 
fine work, XS for general use SOLDERING =“ and 
plunger 
IRON STAND guard 


<2 _ INCREDIBLE 
Suitable for most LOW PRICE 


soldering irons 


| £45 SUPER 
—— a — ats EPRICE GOW 
SOLDERING IRON KITS : 


CS er XS. Iron complete with stand solder - 
and. ‘How To Solder’ booklet 


LL Aeseyor by yy ELECTRONICS 


P.O. Box 3, Rayleigh, Essex, SS6 8LR. 
MANY 
MORE 
PRODUCTS 
INSIDE! 


Pickup a 
copy of our 
giant 512 page 
catalogue from 
WHSMITH 

for just £1.60. 


Shops at: © Sutton New Road, Erdington. Birmingham. “© 302 
Gloucester Road, Bristol, © 159-161 King Street. Hammersmith, 
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